This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS 



PAGE BLANK iuspto) 



(19) 



J 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
27.01.1999 Bulletin 1999/04 

(21) Application number: 92104729.6 

(22) Date of filing: 18.03.1992 



Europaisches Patentamt 
European Patent Office 
Office europSen des brevets (11) EP0510 356B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int. CK 6 : A61K 47/48 



(54) Polyethylene glycol protein conjugates 

Polyathylenglycolprotein Konjugate 
ConjuguSs polyethylene glycol-proteine 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT U LU MC NL 
PTSE 

(30) Priority: 25.03.1991 US 674001 
27.09.1991 US 767000 

(43) Date of publication of application: 
28.10.1992 Bulletin 1992/44 

(73) Proprietor: 

F. HOFFMANN-LA ROCHE AG 
4002 Basel (CH) 

(72) Inventors: 

• Hakimi, John 
Scarsdale, N.Y. 10583 (US) 

• Killan, Patricia 

Upper MontcJair, N.J. 07043 (US) 

• Rosen, Perry 

North Caldwell, N. J. 07006 (US) 



CO 
CO 

in 

CO 



in 
o 

CL 
UJ 



(74) Representative: 

Mezger, Wolfgang, Dr. et al 
F.Hoffmann-La Roche AG 
Patent Department (PLP), 
124 Grenzacherstrasse 
4070 Basel (CH) 

(56) References cited: 
EP-A- 0 304 311 
WO-A-90/04606 
WO-A-90707938 
WO-A-91/08229 



WO-A-89/06546 
WO-A-90/05534 
WO-A-91/07190 



• INT. ARCHS. ALLERGY APPL. IMMUN., vol. 66, 
1981, pages 439-446, Basel, CH; T.P. KING et al.: 
"Immunologic properties of conjugates of 
ragweed antigen E with various 
alkoxypolyethylene glycols" 

• CHEMICAL ABSTRACTS, vol. 101, 1984, page 
700, abstract no. 130594m, Columbus, Ohio, US; 
& HU-A-30 766 (F. SZEGO) 28-03-1984 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). • 

Primed by Xerox (UK) Business Services 
2.16.7/3.6 



10 



15 



20 



25 



30 



35 



EP 0 510 356 B1 

Description 



SSnSf.Sr?" rela l 6S t0 ^ P0 ' ye,hy,en 9,yC0 ' {PEG) ron ' UQates <* P^ns. 
al JsK No7f^7 b H T C0me by COn,U9a,in9 4,18 Proteins ,0 P 0, * mer8 such a * Polyethylene glycol Davis et 

In particular the present invention provides a physiologically active conjugate of a protein of the formula 
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wherein R 1 is lower alkyl containing from 1 to 6 caroon atoms: R 2 is -O- or -NH-- R 3 is -w r <s „, n D 4 • , 
More specifically, the present invention provides protein conjugates of the formulas: 
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wherein R 1 , R 4 , m, n and the protein are as above. 

In accordance with the present invention, we have also provided for the first time the protein interleukin-1 receptor 
antagonist (IL-Ira) and interleuWn-1 (IL-1) conjugated to PEG. 

In accordance with this invention, the conjugate of a protein of formula I is produced by condensing activated PEG, 
45 viz. PEG wherein one hydroxy group has been replaced by an activated linker, with one or more of the free amino 
groups in the protein. The activated PEG compounds used to produce the conjugate have the following formulas: 



50 



55 



3 



EP 0 510 356 B1 



10 



20 



25 



30 



"•A R 1 0(CH 2 CH 2 0) ir CH 2 CH 2 -N=C=N-R i 
M R l O(CH 2 CH 2 0) n -CH 2 CH r -0-C 

II-C R l O(CH 2 CH 2 0\- CH 2 CH 2 -NH — C -O-O 

II N 
O 

ILD R'OfCH^OVCH^-N = c =S 
H-E R 1 0(CH 2 CH 2 0) n -CH 2 CH 2 --NH--C-0-C ? l 



II 

S 



H.F R^CH.^OX.-CH.CH.-O - C -O -Q) 



II 

S 

O 



II-G R J 0(CH 2 CH 2 0) n -CH 2 CH 2 -0-C-0-O 

^Ina^r 2^ ,0Wer 3lkyl ° r ^^^^^^^o^andnisanintegeroffromltolOOO. 
« I.G ^^^^ H-E N-For 

22 ITT COnjU9a,es ' 8 ,inWn 9 bond between the tree amino groups in the protein and toe PEG is formed so 
that the resulting conjugate retains at least a portion of the biological activity of the protein wWteTeduS, 

rated .Polyethylene glycols of formulae ll-A through ll-G produces a protein conjugate which is notS S 
« .t^aT ^^^^ 

In accordance with this invention. R 1 and R 5 can be any lower alkyl. preferably methyl The term lower alkvi riocio 
2E r*?* WconWnhBtan 1 through 6 can^n atoms. s2hL methyl" etS.^ 
P SeIe P * 9r0UP iS 8 ,0W8r ^ 9r0UP COntainin9 fr0m 1 to * -taKloi mSTb'et m^st 
In accordance with this invention, m and n can be selected from any integer :> 1 in a wav such that th» ,„,i« m 

enl tot the sum ofn and m is inversely proportional to the amourtof biological activity of the protein S 

n^to „ T 9 k 8nd J! ^ StWeen 1 and 100a 17,6 term m relates to *• number of free amino grou^ SnS bv 

T h ' gher the Va,Ue 01 m + the hi 9 her is *e molecular weight of the conjugate 
we.ghts of the po.yethylene g.yco. polymers of formulae ll-A to ll-G and of the protein conjugStmSaeTan^S 
to l-E can be eas,ly determined by a person skilled in the art From the mo.ecu.ar weights' LJh£EZl£* m 
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and n can be deduced. The term protein comprises on the one hand polypeptides and on the other hand physiologically 
acceptable addition salts. 

When the compound of any one of formula ll-A through ll-G is reacted with the protein and the protein contains 
more than one free amino group, the conjugate may be produced as a mixture of various protein PEG conjugates. In 

5 cases where the protein contains two free amino groups, the activated PEG can react both with one of the free amino 
groups and with both of the free amino groups. In this situation the mixture contains one conjugate formed where two 
free amino groups are reacted with PEG and a second conjugate formed where only one free amino group is reacted 
with PEG. Since the various conjugates in this mixture have different molecular weights, these conjugates can be sep- 
arated by conventional methods such as chromatography. To determine if m and n have been selected properly, the 

10 separated conjugates can be screened for biological activity by the same means used to screen the parent protein to 
determine if the conjugate still retains a portion of the biological activity of the protein used to form the conjugate. In this 
manner, the numbers m and n can be adjusted in any desired manner to provide the desired activity. 

In accordance with the preferred embodiment of this invention m and n are any integer so that molecular weight of 
the conjugate, excluding the weight of the protein, is between approximately 300 to approximately 30,000 daltons. In 

is accordance with the preferred embodiment, m is 1 . Where m is 1 , this conjugate can be obtained even when there are 
two or more free amino groups. The activated PEG compound will react first with one of the free amino groups con- 
tained within the protein groups. By regulating the concentration of the reagents such as the protein, and reaction con- 
ditions, in accordance with standard methods of amine condensation, one can regulate the degree of pegylation of the 
free amino groups contained within the protein. In proteins containing one or more free amino groups, where one of the 

20 free amino groups is more reactive than the other amino groups, conditions may be selected so that the protein is 
reacted with the activated PEG compound to form the compound of formula I where m is 1 . Other free amino groups 
contained within amino adds which form the protein may be subsequently reacted with the PEG by allowing the con- 
densation reaction to proceed longer or by utilizing other stronger conditions. In accordance with a preferred embodi- 
ment where m is 1 , n is any integer so that the polyethylene glycol which forms the conjugate has a molecular weight 

25 of from 300 to 30,000 daltons corresponding to n in being approximately 6 to 680. More preferably n is about 28, 1 12 
and 225 corresponding to molecular weights of 1325, 5000 and 10000 respectively, with n being in the region of 112 as 
the most preferred one. Characterizing the polyethylene glycol polymer by molecular weight is preferred over designat- 
ing the self repeating units in the PEG polymer with the integer n due to the potential inhomogeneity of the starting PEG 
compounds which are usually def ined by their avarage molecular weight and not their serf-repeating units. The starting 

30 PEG compounds of various molecular weights can be prepared by methods known in the art or can be obtained from 
commercial suppliers. 

In case the values of m and n obtained by determination of the molecular weights are not integers (as will generally 
be the case), there values have to be rounded up or off in the usual way. 

Where R 4 is lower alkyl. R 4 can be any lower alkyl group containing from 1 to 6 carbon atoms such as defined 
35 above. When R 5 is cycloalkyl, R 5 is preferably a cycloalkyl group containing from 3 to 7 carbon atoms such as cyclo- 
propyl, cyclopentyl, cyclobutyl, and cyclohexyl. The preferred cycloalkyl group is cyciohexyl. 

The title compounds of each of the following Examples are named in accordance with IUPAC nomenclature. How- 
ever, these compounds may also be named as follows: 

40 Examples 1 , 2, 3, and 4: 

Alpha-[2-[[cyclohexylcaroonimidoy0^mino]ethy0-omega-methoxypoly(oxy-1 ,2-ethanediyl) is alternatively named 
a!pha-[2-[[(tyclohexyiamino)me^ 

45 Examples 1 A, 1a, and 1d: 

Alpha-(2-chloroethyl)-omega-methoxypoly(oxy 1 ,2-ethanediyl) is alternatively named alpha-methoxy-omega-(2-chlo- 
roethyl)poly(oxy-1 ,2-ethanediyl). 

so Examples 1 B, 1 b, and 1 e: 

Alpha-(2-azidoethyl)-omega-methoxypoly(oxy-1 ,2-ethanediyl) is alternatively named alpha-methoxy-omega-(2-azidoe- 
thyl)poly(oxy-1 ,2-ethanediyl). 

55 Examples 1 C, 1 c, and 1 f : 

Alpha-(2-aminoethyl)-omega-methoxypoly(oxy-1 ,2-ethanediyl) is alternatively named alpha-methoxy-omega-(2-ami- 
noethyl)poly(oxy-1 ,2-ethanediyl). 
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5 Examples 1 8. 1.8a, 1 9, 1 9A, 20, 20A, 21 , and 22: 

is alternatively named alpha-methyl-omeaar 2 - 
[[(2^yndinyloxy)carbonyl]cKy]-ethcjxy]poly(oxy-1.2-ethanediyl). metnyi-omega[2- 

»o Examples 23-27: 
»5 Example 28: 

Afpha-[(2-pyridinyloxy)thicca*^^^ is alternative^ named ainha m ^ 
""■QiWl^^ alternately named alpha-methyl- 

The present invention also comprises the process for the preparation of the PEG-Drotein coniuoata* of *a 
IIA R^CH^O)^ CH 2 CH 2 -N= C =N-R 4 

n.B R'occ^CHjOVCHiCBf-O-C-jO 

I T 
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II-C R l O(CH 2 Cll 2 0)^ CH 2 CH 2 -NH — -C-0 

i 

II-D R 1 0(CR 2 CH 2 0\-CH 2 .CR 2 -N =C=S 

n-E r'ckcHjCH^-ch^-nh — c -o- 

s 

n-F R^CHaCHjO^-CHjCHj-O- C -O Xj 

II N 

S 

n-G r'cxcHj^ovcHjCHj- o- c-o-C, J 

N 



wherein R 1 , R 5 and n are as defined above, with a free amino group of a protein or a salt thereof and isolating the pro- 
tein conjugate from the reaction mixture. 
30 In particular, the synthesis of the individual PEG derivatives to be coupled with a protein as well as their reaction 
with the protein can be performed as described in the following paragraphs and in the Examples. 

To produce the protein conjugate wherein R 2 is -NH-, and R 3 is =N-R 4 , (the compound of formula I -A) the following 
reaction scheme may be employed: 
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wherein R 1 . R 4 , n. m and the protein are as above 
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To produce the protein conjugate where R 2 is -O- and R 3 is =S (the compound of formula IB), the following reaction 
scheme can be employed. 



R^CCHaCHzOnCHzCHz-OH + 



o S o 
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NH 2 -protein 
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FT-OtCHgCHgO^CHgCHa-O M -protein 



Y 



m 



I-B 



wherein R 1 , m, n and the protein are as above, 
35 In this reaction a PEG is ref luxed with 1 , 1 -carbonothioylbis-2(1 H)-pyridinone in a high boiling hydrocarbon solvent 
to produce the compound of formula II-B. The compound of formula ll-B can be condensed with one or more of the free 
amino groups of the protein to produce the conjugate of formula I-B in the same manner as described in connection 
with the condensation of the compound of formula ll-A with a protein to prepare the conjugate mixture of formula l-A. 
Separation of this mixture can be carried out according to molecular weights of the products formed as described here- 
to inbefore. 

Alternatively, the protein conjugate of the present invention where R 2 is -O- and R 3 is =S t (the compound of formula 
I-B) can be produced by the following reaction scheme: 
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R l O(CH 2 CH 2 O h CH 2 CH 2 OH + |^J^ J*^J 
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wherein R 1 , m, n and the protein are as above 

can be used in carrying out this reaction C ° nVent,0nal method * condens.ng * thiocarbonate with a hydroxy group 

version of compound of formula ll-A to tiie cSate' JSZK tT^ 0 " 1 fte man " er described for *• c <>n- 
be a mixture of conjugates of cfltoenTmJeSS^^ ^ ^ 9191 iS produced bv 1,118 "^on can 
tein used. These conjugates cTbTs^£ htm^I T^" fT""* - amino 9 rou P s in *• P™" 
described. 6parated by mo,ecular J""** ,n accordance with the procedure hereinbefore 

To produce the protein conjugate wherein R 2 is -nh. anw n3 te _n «u 
reaction scheme can be used: and R .s =0 (the compound of formula l-C), the following 
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wherein R 1 , R 5 , m, n and the protein are as above. 

The compound of formula IV is produced by condensing phosgene with 2-hydroxypyridine (substituted if R 5 = 
alkyl) using any conventional method for condensing an acid halide with an alcohol. 

The condensation of a PEG amine with the compound of formula IV is effected by ref luxing in a halogenated hydro- 
carbon solvent to produce the compound of formula ll-C. The compound of formula ll-C is condensed with the protein 
through one or more free amino groups on the protein to produce the compound of formula l-C. This reaction is carried 
out in the manner described for the condensation of the compound of formula ll-A to produce the conjugate of formula 
l-A. Depending upon the number of free amino groups contained within the protein which react with the compound of 
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R'0(CH 2 CH 2 0)„CH 2 CH ! N=C«S 
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wherein R 1 , m, n and the protein are as above 

to produce the compound of for- 

thiocyanate can be used. The ^SESSSS SSSSIITJ^ 3 ■» P^uce an iso- 

in the manner described for the com^on^cl^u^T^ ^Tf m& " to form "* * formula l-D 

upon the amoumof free amir* 

protein produces a mixture of conjug7,e7S^ 

.nbeforedescribedtbrtheseparJionofthe^ 

AHema.ve.y.theconpoundoffermu.ai-Dcanbepr^ucedusing^ 



45 



50 



55 



12 



EP 0 510 356 B1 




S 



a-fr-ci 



i 



10 



15 



20 + 

R l o(ca 2 ca20)2CH 2 ca 2 NH 2 



25 



30 



XXX. 



R^CCHjCHjO^CHjCHjNh/^O^N^R 5 

n-E 

NH 2 -protein 



I 



40 



ID 



The compound of formula V is produced by condensing thiophosgene with 2-hydroxypyridine (substituted where 
R 5 is lower alkyl), using any conventional method for condensing an acid halide with an alcohol. V is then reacted with 
45 a PEG-amine in the manner described for producing the compound of ll-C. The resulting compound is ll-E. The com- 
pound of formula ll-E is condensed with one or more free amino groups on a protein to produce the conjugate of formula 
l-D. This reaction is carried out in the manner described for the formation of conjugate l-A. 

To produce a protein composition of the present invention wherein R 2 is -O- and R 3 is O (the compound of formula l-E), 
the following reaction scheme can be used. 

50 
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wherein R\ m, n and the protein are as above 

conversion of the compound of formula ll-A to S^SSi Z iTT 85 ******* m connection w «" the 
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XjO 



R l O(CH 2 CH 2 0) n -CH 2 CH 2 - N ^cT^m ' 

H 

II-C 

NH 2 -interferon-alpha 
H 

. y N NH— interferon-alpha 

R-OtC^CHgO^CHaCHp^ N C 

II 

o 

wherein R 1 is methyl, n is about 112. This reaction is of special interest for interferon-alpha of the subtyp interferon- 
alpha A (also named interferon-alpha 2). 

The synthesis of the activated PEG compound ll-C is described hereinbefore in connection with the synthesis of a 
protein conjugate wherein R 2 is -NH- and R 3 is =0. The final conjugate of interferon-alpha can be obtained in an anal- 
ogous manner as described hereinbefore or in the Examples for the synthesis of the protein conjugate l-C. 

Any protein with a physiological activity or a salt thereof may be used for the preparation of a conjugate with PEG 
provided that this protein contains at least one amino group for condensation. 

Preferred proteins which can be used in the present invention are interleukin-1 (IL-1), interleukin-1 receptor antag- 
onist (IL-1ra), interleukin-2 (IL-2) and interferons, viz. IFN-alpha (leukocyte interferons), IFN-beta (fibroblast interferon) 
and IFN-gamma (immune interferon), their naturally occurring forms as well as analogs, homologs or truncated forms 
thereof. 

The interleuWn-1 receptor antagonist (IL-1 ra) herein may be obtained from tissue cultures or by recombinant tech- 
niques. One method of obtaining 11-1 ra is to reat U937 human myelomonocytic cells (ATCC CRL 1593) with the differ- 
entiating agent phorbol myristate acetate (PMA) and then stimulate them with Granulocyte Macrophage-Colony 
Stimulating Factor (GM-CSF; obtainable from Amgen), and isolating and purifying the IL-1 ra from the culture superna- 
tant liquid as described by Carter et al. Nature 344, 633-637 (1 990). 

Recombinant IL-1ra refers to IL-1ra having comparable biological activity to native IL-1ra but prepared by recom- 
binant techniques as described by Carter et al. supra or by Eisenberg et al. Nature 343. 341 -346 (1 990). 

Interferon includes all types of interferons, such as ccp.y, or © interferons, and any subtypes of any types. Interfer- 
ons may be obtained from tissues or tissue cultures, or may be produced using recombinant techniques described in 
the literature, e.g. as described in European Patent Application, Publ. No. 43 980. Other methods for generating and 
isolating natural or recombinant interferons are aJso well known in the art. 

In accordance with this invention, it has been found that the protein-conjugates of this invention have the same utility as 
the protein used to form the conjugate. Therefore, these conjugates are therapeutically active in the same manner as 
the protein from which they are formed and can be used in the same manner as the protein itself without producing the 
undesired immune responses which may be connected with the administration to subjects of the proteins themselves. 
Therefore, the present invention also comprises the pharmaceutical compositions on the basis of the compounds of for- 
mula I or their salts and to methods for producing them. 

The pharmaceutical compositions of the present invention used in the control or prevention of illnesses comprises a 
protein conjugate of the general formula I and a therapeutically inert, non toxic and therapeutically acceptable carrier 
material. The pharmaceutical compositions to be used can be formulated and dosed in a fashion consistent with good 
medical practice taking into consideration the disorder to be treated, the condition of the individual patient, the site of 
delivery of the protein conjugate, the method of administration and other factors known to practitioners. 
The following examples represent illustrative embodiments of the present invention without limiting it by them. 
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Example 1 



Preparation of afpha-p 
SRU 111.7. 




A " Pre P arati0n0f abha-te-CMnrn^ , ^ 

•gnates the "umb^e^^ 



1112 (As used herein SRU des- 
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and one Irter of diethyl ether added to the resurtS swuo ^ 2 2 " B8 * en removed under reduced pressure 
efter added to cause precipitation. The S^SeJluZ^^Tt * dS, " ,a,, ' 0n "« S 
45 g of «*H*<*"^^ •» """re and then f iitered to g7e 

^•Cacdfor^H^^ 
residue-was dissolved in 500 ml of CH 2 CI 2 arXer^ 

2^? to cause ^SZ tSl^ ? ,he CH 2 a 2 ™ »™ ™<* 

then dissolved in a minimum of glyme at 50'C L li, T! ^rnight and then filtered. The residue was 

(2-azidoethyD-omega-methoxypo,; ^1^S«d^T!S fi,tered to 

give alpha- 

c P roration flited^ ^ (oycv , on , , ^ _ 

^^t^X^^^^ZS P"*** - " SRU 111, in 250 ml of dry 

^ ^ H.9.20; N.0.28. Pound: C.54.43; H.9,8; N 0 36 

0 ~ 6 of S» SRU 111.7and6.7 

argon. Water (2ml) was added and the mixture SreTan tlmnf^ou ° Verni9ht un * r an atmosphere of 
removed under vacuum and 400 ml of dteS etS a^edlhe^ , *"* 01 *• met, * ene ch, <^e was 
solved in 300 ml of warm (50-Q glyme. ThSuS TwafaSwS toST™*""' Wth — * 

"« Precprtate filtered, washed with 2x100 ml oT 2xlS !T temperature overnight and the result- 
stream of N 2 to give 35 g of ^ 2 ^S^ ( ^?4T7 UnW8n * a 

n Dm* X." . . . 



25 



30 




^-^tfa^^ SRU 111, in 60 m- of dry 

m.xture was then filtered and the "J"* * * at 4000 for 18 hour& The 

warn, glyme. the solution cooled and the resuK^SX^Z H?.!, "! "** * Sn disso,ved in 1 °° ml of 
[a-Kcycfche^ 
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Ana!. Calcd for C^Hgo^OSfChkChfeO)^ 7 : C.54.25; H.9.13; N.0.54; S.0.62; Found: C.54.39; H.8.87; N.0.55; 
S,0.59. 

E. Preparation of aloha-r2-rr(Cvclohexvlcarbonim^ SRU 
111.7. 

A solution of 1 g of alpha-[2-[[(Cydohexylamino)-tN 
ediyO SRU 111.7, 120 mg of triphenyfphosphine, 90 jil of CCI 4 and 84 jil of triethylamine in 5 ml of dry CH 2 CI 2 was 
refluxed for 72 hr. The solvent was then removed under reduced pressure and the residue dissolved in a minimum of 
dry glyme. After cooling, the product precipitated and was filtered and dried under vacuum to give alpha-[2-[[(cyclohex- 
ylcarbonimidoyl)amino]ethyl]-omega-methoxypoly-(oxy-1,2-ethanediyl) SRU 111.7. 

Ana!. Calcd for CioH^NgOCCHgCHgOJmj: C.54.61; H.9.15; N.0.55. Found: C.54.95; H.9.27; N.0.50. 

Example 1a 

Preparation of alpha-(2-Chloroethvn-omeqa-methoxvpolv(oxv-1,2-ethanedivl) SRU 225 

By the procedure described in Example 1 A, MPEG molecular weight 10,000 was converted to alpha-(2-chloroe- 
thyi)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 225. 

Anal. Calcd for C 3 H 7 CIO(CH2CH 2 0)225: C.54.37; H.9.14; Cl.0.35. Found: C.54.30; H.9.15; Cl.0.41. 

Example 1b 

Preparation of alpha-(2-Azldoethvl)-omega-methoxvpoly(oxy-1,2-ethanedlyl) SRU 225 

By the procedure described in Example 1B, alpha-(2-chloroethyl)-omega-methoxypoly(oxy-1 ,2-ethanediyl) SRU 
225 was converted to alpha-(2-azidoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 225. 

Anal . Calcd for CaHyNaOfCHgChfeO^s: C.54.34; H.9.13; N.0.42. Found: C.54.32; H.9.28; N.0.50. 

Example 1c 

Preparation of alpha-(2-Aminoethyl)-omeqa-methoxvpolv(oxv-1 ,2-ethanediyl) SRU 225 

By the procedure described in Example 1C, alpha-(2-azidoethyi)-omega-methoxypoly(oxy-1,2*ethanediyl) SRU 
225 was converted to alpha-(2-aminoethyl)-omega-methoxypoly (oxy-1, 2-ethanediyl) SRU 225. 

Anal. Calcd for C 3 H 9 NO(CH2CH 2 0)225: C.54.48; H,9.17; N.0.14. Found: C.54.80; H.9.21; N.0.12. 
Example 1d 

Preparation of alpha-(2-Chloroethvl)-omeqa-methoxypolv(oxv-1 ,2-ethanediyl) SRU 28.3 

To a solution of freshly distilled oxalyl chloride (0.5 ml) in 40 ml of dry CH 2 CI 2 at 0°C was added dropwise 0.5 ml of 
dry DMF in 10 mJ of CH 2 CI 2 . The resulting solution was warmed to room temperature, stirred for 15 min and then again 
cooled to 0°C. MPEG molecular weight 1325, (5.6 gr) was then added, and the resulting solution refluxed for 5 hr. The 
mixture was then poured into water and the mixture extracted with CH 2 CI 2 . The CH 2 CI 2 solution was dried (MgS0 4 ) and 
the solvent removed under reduced pressure to give 1 .7 g of alpha-(2-chloroethyl)-omega-methoxypoly (oxy-1 ,2-ethan- 
ediyl) SRU 28.3 as a white powder. 

AnaJ. Calcd for C 3 H 7 CIO(CH 2 CH 2 0) 28 . 3 : C.53.38; H.9.03; Cl.2.64. Found: C.53.48; H.9.10; Cl.2.41. 
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Example 1 a 

Preparation of alpha-p. a^ ethvlVomecp -n^ ^ 

»"»Wm»VW 653.12: H*« „.3,, FM ^ H907 . NA9& 
w Example if 

Preparation of alpha-fg-A mrnnotht,i^^ ^ , , 

¥ ' MminoeTn Y'homeqa.mPthoxvpoyYf nv Y-i ,2-ethanedi Y n rri i qq q 

^^CH^ 0.54.47; HA17; NAM Found: 0.54.44, N.0.,5. 

Example 2 

50 




- «35SSS!Sn^ W 111.7 prepared 

inamolar ratio of 10moles of rea7ert,XtnZ^ 

reaction allowed to proceed at r^^^J^^^^^^^^p^^ 

» min. reaction reveals new higher .^lecuTar^ 

alpha has an apparent mooter VSSffSSSSSS uZSt f^" 931 " 1 1 IFN " 
we-ght remains unchanged is therefore not conjugated ^S^SSSSSSX^ ^ m ° ,eCular 
ent molecular weight of 28 kD. PEG-modrfied IFN-alpha product has an appar- 



35 



40 



45 



15 (unmodified) -from K^mon 

28 80 

20 



50 



55 



Example 3 




acccXt^^ SRU n, 7 prepared 

10 moles of reagent per one mole rlL-2. T^J^^£^J^Si * ^ h 3 ^ rati0 0f 
to proceed at room temperature for 60 minutes m ° r °"3nly m,xed and ,he P^aton reaction was allowed 

0* * Proteins were 

weight protein species corresponding 9 to reEJKXJ ¥Z£™ "T* hi9her ^ar 

conjugated rlL-2. rlL-2 has an apparent molecular weight of 15 kD by 
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SDS-PAGE. Unmodified rlL-2 is the protein separated from the reaction mixture whose molecular weight remains 
unchanged and is therefore not conjugated with PEG. The predominant PEG-modified rlL-2 product has an apparent 
molecular weight of 28 kD. 



TAB^E IT. Modification of rIL-2 with the reap<> n t H^n> »w ^ 

Example 1 



Apparent Molecular Weight nf % of Total Prot^ 
rfI,-2 Protein (VP) from Ration 

15 (unmodified) 20 
28 50 
33 20 
« 10 



Pegylated rli_-2 was purified from the reaction mixture as described by Katre et al. [Proc. Nat. Acad. Sci., USA, 
M:1 483-1491, (1987)] using hydrophic exchange chromatography (Bio-Rad; Biogelphenyl 5-PW). A linear gradient 
with decreasing salt from 1 .53 to 0.0 M (NH 4 ) 2 S0 4 in 50 mM sodium phosphate pH 7.0 in 30 minutes was used to sep- 
arate PEG-modified and unmodified rlL-2. Aliquots of the fractions were evaluated by SDS-PAGE and pooled fractions 
were assayed to determine its specific activity in a CTLL ceil proliferation assay by the method described by Gillis et al. 
[J. Immunology 120:2027-2032, (1978)]. Protein concentrations were determined spectrophotometrically at 280 nm 
using an extinction coefficient of 0.667 for rlL-2. The specific activity of the rlL-2 isolated proteins is expressed as 
unrts/mg protein and the results are summarized in Table III. It is apparent that specific activity of rlL-2 is not significantly 
altered by conjugation with PEG. 

TABLg Iff. BfcactiYitY Of TlL-2 conjugated to PEG wit h the rec ent 

described in Example 1 

Appargm Mofcpylar WgipM of Specific Activity 

rIL-2 Protein (kD) (witt/kng) 

15 (unmodified IL2) 2,0 x 10 7 

28 2.4 x 10? 



Example 4 

Preparation of Recombinant Interteukin 1 -alpha frlL-1 alpha) Conjugated to PEG by means of the reagent 
alpha-r2-ir(Cvclohexvlcarbonimidovllamino1ethvllomeqa-methoxypolv(oxv-1 ,2-ethanedivl) SRU 1 1 1 .7. 

The reagent described in Example 1 was added to 2.0 mg of homogenous rlL-1 alpha in 1.0 ml 0.1 M sodium 
borate, pH 9.0 in a molar ratio of 10 moles of reagent per one mole rlL-1 alpha. The solution was thoroughly mixed and 
the pegylation reaction was allowed to proceed at room temperature for 60 minutes. 

The amount of derivatization (or pegylation) of the protein was estimated by SDS-PAGE (Table IV). The proteins 
were visualized by Coomassie Blue staining. Analysis of the products from the 60 minute reaction reveals new higher 
molecular weight protein species corresponding to PEG conjugated rlL-1 alpha protein. rlL-1 alpha has an apparent 
molecular weight of 17 kD by SDS-PAGE. Unmodified rlL-1 alpha is protein from the reaction mixture whose apparent 
molecular weight remains unchanged and is therefore not conjugated with PEG. The PEG-modified rlL-1 alpha product 
has an apparent molecular weight of 30 kD. 
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Example l 



10 



15 



Anmant Matolai Height af 

rIL-1 a l r>1! , D TrTrin n nj 

17 (unmodified) 
30 



a of Tnr^ P Ttrfj 

85 
15 



Example 5 




25 



30 



2(1H)-pyridinone was added. ThelSrc^S 

then removed under vacuum ^SdSl^^^^^^ 
We was then f i«ered and washed with £ TmTof Sj gle 1 ? ^^^iT" 1 ^ ^ resuHin 9 P re " 
a vacuum oven under a slow stream of nitmgen to dtoiSfS ISf^^^ ProdUct w " *" dried in 
omega-methoxypolyfoxy-La-ethanediyQ SRU in 7 9 ^^ 1 ' 2 ^^2-oxc-1 W ridin>^miocarbonyl]- 



A« Caicd tor ^NObBW^^ C.54.37; H.8.99; N.0. 2 7; S.0. 62 ; Pound: C.54.03; H.8.9B; N . 



0.18; 



Example 5a 



35 



40 



45 



50 



55 



verted 



wascon- 
225. 



MMd to WWWfc C. «.«; H. «* N. 0,4; 50*. ^ c . M% „. „ 
Example 6 




a molar ra«o of 5 moles of reagenTp^S^ 

«on was allowed to proceed afmom .eSrel^^^^^^Wafcnri 

ular weight protein species corresponding to PEG JonS^!. ? . T" 6 reacfon reveals new hi 9 h * molec- 
of 19 KD by SDS-PAGE. UnmcxlS" ra is the SEE ^ ' ""^ a " apparem mo,e «" ar weight 
remains unchanged and is therefore not confuga^ed X PEG eaC *°' 1 ^ Wh0Se weight 
The predon,nantPEG-mod«ied.L-1raproteins have apparent mo.ecu.ar weights of 26 and 33 kD. 
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TABLE V, Modification Of IL-Ira with th ft r» af , f n t descrih^ in 

Example g 

Apparent Mo^gyly Weight flf % of Tnlal P r nt^n 
IL-Ua Prptein (kD) from Ration 

19 (unmodified) 36 

26 33 

33 21 
>33 10 

Pegylated IL-1ra was purified from the reaction mixture using hydrophobic exchange chromatography (Bio-Rad; 
HRLC MP7 HIC). A linear gradient with decreasing salt concentrations from 0.43 to 0.0 M (NH^SC^ in 50 mM sodium 
phosphate pH 7.0 in 20 minutes was used to separate pegylated IL-1ra and unmodified IL-1ra. Aliquots of fractions 
were evaluated by SDS-PAGE and pooled fractions were assayed in an IL-1 radioreceptor competition binding assay. 
[Kilianetal. J. Immunol., 4509-4514, (1986)]. Briefly, IL-1raand PEG-IL-1ra were incubated at varying concentra- 
tions with EL-4 membranes for 30 min at 37°C. The [ 125 I]IL-1 alpha was then added and the incubation continued for 
30 min. The assay was terminated by vacuum filtration and the collection of cell bound [ 125 I]IL-1 on filter plates. The 
concentration of IL-1ra or PEG-IL-1ra that inhibits binding of [ 125 I]IL-1 by 50% (IC50) was determined graphically. The 
results are shown in TABLE VI. The IC 50 of IL-1ra in this assay is 1 -2.0 ng/ml. The pegylated IL-1 ra mixture retained its 
ability to bind to the IL-1 receptor on EL-4 membranes within a factor 2 to 3 fold relative to the unmodified 11-1 ra. 



IABLE vt , lotion of r l25 n il-i mmh-p u y Qf n ,i w r„„ 1> rr ^ 
with the rearem described in v^tf* g 

Apparent Molecular W*i g fr T "f 

19K (unmodified) 2.0 
26K, 33K (mixture) 5.0 

The pharmacodynamics of IL-1ra protein was evaluated in vivo by the ability of the IL-1 ra to inhibit rlL-1 alpha induc- 
tion of interleuWn-6. Serum from mice treated with rlL-1 alpha contain high levels of IL-6, [Mcintosh et al., Immunol. 142: 
1 62-1 67, (1 989)]. The administration of unmodified IL-1 ra together with IL-1 alpha (0 hr time point) inhibits the induction 
of IL-6. This test system was used to compare the pharmacodynamic properties of unmodified and PEG IL-1 ra. Groups 
of three female C57B1/6 mice were injected subcutaneously with 200 ug of unmodified IL-1ra or PEG-IL-1ra 48 hr, 24 
hr, or 6 hr before or simultaneously (0 hr) with 0.2 ug rlL-1 alpha. Three hours later, serum samples were collected. IL- 
6 levels (units) were determined using a modification of an IL-6 assay that has been previously described [Van Snick et 
al., Proc. Natl. Acad. Sci. USA 83:9679-9683, (1986)]. In the IL-6 assay, B9 hybridoma cells were treated with two fold 
serial dilutions of the test sera in 96-well microtiter plates. Following a 3 day incubation at 37°C in a humidified atmos- 
phere comprised of 5% C0 2 and 95% air, the wells were pulsed with 0.5 uCi of tritiated thymidine and incubated for an 
additional 18 hr. The cells were then harvested onto glass fiber filters and the level of tritiated thymidine incorporation 
was determined by scintillation counting. IL-6 activity is expressed as U/ml. IL-6 units are defined as the inverse of the 
serum dilution which produces half-maximal tritiated thymidine incorporation compared to a reference standard. 

The pharmacodynamic data are summarized in Table D1. Mice treated only with IL-1 exhibited 28852 U/ml IL-6. 
Both unmodified and modified IL-1ra inhibited IL-6 induction at 0 hr. However, the pegylated IL-1 ra demonstrated a pro- 
longed IL-6-inhibitory effect as compared to unmodified IL-1 ra at 8 and 24 hours after administration. 
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table pi tto^tart ^ m^uiao^^,^ 



10 



15 



20 



Time fhr ^ pw^ fTT 

iL-i Ailministtatjffln 

0 
6 

24 
48 
72 



IL-6 CUnji^mj] 
12J02 26 kP 



772 
8361 
22525 
18485 
13220 



705 
1587 
9844 
21119 
21470 



Example 6A 




30 



40 



45 



50 



55 



inExa^"^^ 

and £C2Z2^^ o» 33 and 48 kD. The 33KD 

Th 0 a hL ^ *u of the total P r °tem in the reaction mixture resnprth/*iv 

cation of the protein with PEG as « £2j 2 « ^SZl?^ ^ ' L1 " ra *" ^ modi «- 
receptor. wserveo wrtn the 48kD protein results in a substantial loss in its binding to the IL-1 

TABLE y F ft, WWtfnn r rr5 ^jtjj 



Apparent Molecule w ai[rhr nf 

IL-lra Prn TriT1 ftrT>) 

19 (unmodified) 
33 

48 



1.6 
9.0 
50.0 



To determine the pharmacokinetic profile of PEG-IL-1 ra sneci^ r*7Rr/e . . 

if ed or pegged IL-tra species subcutaneous., S« lum s^SweS^SeTalT^fH 100 "J * ^ 
that received unmodified IL-1 ra and after 2 4 8 10 ands*>LraiZ!«? ..T - ' 2 ' 3 ' 4 and 6 hours from mice 
els were determined in the EL4 membrane bindina^v If - ^ c ® reC6IVed PEQ -«--1«- The serum lev- 
D2. The PEG-.L-1ra was detectabl eTsTum 2.^^ Jk * B " fflpte 6 " 1,16 data are ^marized in Table 
IrademonstratingaprolonXl^ 
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TABLE D2. Pharmacokinetic Profit* o f IL-Ira gggglatg d 

2Sjn Example 6a 

Serum Concentration of 
IL-lra 

Time fhr.1 After Administrating 19 kD 33 kD 



1 


400 




2 


130 


2500 




40 




4 


15 


800 


6 


16 




8 




300 


10 




250 


24 




15 



Example 7 

Preparation of rlL-1 alpha conjugated to PEG by means of the reagent alpha-Kl .2-dlhvdro-2-oxo-l -pyridinyDthi- 
ocarbonyl1omega-methoxy-polY(oxy-1,2-ethanedivl) SRU 111.7. 

Recombinant IL-1 alpha was pegytated with the reagent described in Example 5 by the method as described in 
Example 4. Three predominant molecular weight species from the reaction mixture were identified by SDS-PAGE with 
apparent molecular weights corresponding to 17 (unmodified), 26, and 33 kD. The latter two pegylated proteins 
accounted for 25 and 55% of the total protein, respectively. 

Pegylated rlL-1 alpha was purified from the reaction mixture after 60 minutes using hydrophobic exchange chroma- 
tography (Bio-Rad; HRLC MP7 HIC). A linear gradient with decreasing salt concentration from 0.43 to 0.0 M (NH 4 ) 2 S0 4 
in 50 mM sodium phosphate pH 7.0 in 20 minutes was used to separate pegylated rlL-1 alpha and unmodified rlL-1 
alpha. Aliquots of fractions were evaluated by SDS-PAGE and pooled fractions were assayed for specfic activity in a 
D10 cell proliferation assays by the method described by Kaye et aL [J. Exp. Med. 15&836-854 (1983)]. Protein con- 
centrations were determined spectrophotometrically at 280 nM using an extinction coefficient of 1.0 for rlL-1 alpha. The 
specific activity of the rlL-1 alpha is approximate^ .0 x 10 8 units/mg. The specific activity results are summarized in 
Table VIII. The 26kD pegylated IL-1 alpha conjugate retains bioactivity within 2-3 fold of relative to IL-1 alpha. Further 
modification resulting in a 33kD protein results in substantial loss of bioactivity. 
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10 



15 



20 



25 



30 



40 



45 



50 



55 



Iapls vttt Biaaakia af dLdaldu ^rnjnnitm 

wnh the rearent d**n^A ; n FxafT u < 

17 (unmodified) 4.6 x 1()7 

H 1.9 x 107 

4.5 x 106 



Example 8 



Preparation of IFN-alpha conjugated to PEG bv m e ans of alDh a .ffl.2.Dihvdro-2- 0 «n. i.n»riHi m Hv>h.^ rf n 

omeaa-methox vporvfoxo-i.2- e thanedlv» SRU ^ 1 PynMnyijlhiocarhonYn. 

aJpha-[(1 2-Dih^ro-2-oxo-1ijyridiny0lhiocafbony0^mega-m« SRU 111 7 oreoared 

molar ratio of 8 moles of the PEG reagent per one mole IFN-alpha. The solutions were ftZg^£!2 *e 
pegylaton reaction was allowed to proceed at room temperature for 60 minutes morou 9niy moced and the 

The predominant molecular weight species from the reaction mixture were identified by SDS-PAGE with apparent 
ESSEflS? I^ 1 " 1 ^^ ^ 28 kD. The 28 kD pegylated protein accounted 1 40% 
The pegylated IFN-alpha was purified from the 60 minute reaction mixture and characterized using SoToSc 

0 42M to 0.0 M (NH 4 )2S04 m 50 mM sodium phosphate pH 7.0 in 20 minutes was used to separate oeovlated IFN 
alpha and unmodified IFN^Ipha. Aliquots of the fractions were evaluated by SDS-PAGE rtJS SS? JS 

a 1 ™S?PN «S? S Jr e , d - e,erm i ned spectrophotometrically at 280 nM using an extinction coefficient of 1.0 for 

!1T5 £ * 3 SOlU,,0n ' 7116 Spec9ic activit y 01 1,16 isolated P«**« is expressed as units per mo protein 

and the results are summarized in Table IX «u«sunns per mg protein 

IFN Jpha 65 "" 5 Sh0W 1,131 SPeCifi ° 3CtiVity * 916 28k ° Pe9y ' ated IFN_a,pha not altered relative to 

the reagent of famppfr § 

App^t Mslaalai Wnrht nf Specific a-h^ 
I ^UpJia Prot e in fm _ (Tn< 

15 (unmodified) I , x iqS 

8 1.4x108 
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Example 8A 

Preparation of IFN-alpha conjugated to PEG by means of the reagent alpha-[(1,2-Dihydro-2-oxo-1-pyridinvl)thi- 
ocarbonvnomeqa-methoxYPOlv-(oxy-l,2-ethanedivl) SRU 225. 

IFN-alpha was pegylated as in example 8 with the reagent described in Example 5a. Three predominant molecular 
weight species from the reaction mixture at 60 minutes were identified by SDS-PAGE with apparent molecular weights 
corresponding to 15 (unmodified), 35 and 43 kD. The latter two pegylated proteins accounted for 35 and 33 per cent of 
the total proteins in the reaction mixture, respectively. 

The specific activities determined by procedures described in Example 8 of the pegylated species of IFN-alpha are 
summarized in Table X. The results show that the 35kD pegylated IFN-alpha product retained biological activity within 
2-3 fold of IFN-alpha. The 43kD conjugate lost substantial activity. 



TABLg X, BipactivitV pf IFN-atoha Conjugated with t h e resent of 

Example 5a 



Apparent Motonlar Ws\?h\ of Specific Activity 

IFN-alpha Proton (KP) (units/m ? l 
15 (unmodified) 3.3 x 10& 

35 1.2 x 108 

« 1.5 x 10* 



Example 8B 

Preparation of rlL-2 conjugated to PEG by means of the reagent alpha-r(1,2-Dihvdro-2-oxo-1-pyridinv0thiocar- 
bonvl1omeqa-methoxvpoly(oxv-1,2-ethanediyl) SRU 111.7 ~ ~ & ~ 

rlL-2 was pegylated with the reagent described in Example 5 and purified using the procedure as described in 
Example 3. 

The predominant molecular weight species from the reaction mixture after 60 minutes were identified by SDS- 
PAGE with an apparent molecular weights of 15 (unmodified) and 25 kD. The 25 kD pegylated protein accounted for 
60% of the total protein in the reaction. 

The specific activity of the rIL-2 isolated proteins were measured as described in Example 3 and is expressed as 
units/mg protein and the results are summarized in Table XI. 

As can be see in Table XI, the biological activity of IL-2 was not altered after conjugation with PEG. 



TABLE XT, Bioactivitv of rIL-2 Conjur e d to PEO with the recent 

described in Example 5 

Apparent Molepulax Weight of Specific Activity 
tIL=2 Protein (kD) (units/nig^ 
15 (unmodified) 2.0 x 10 7 

25 2.0 x 10? 
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Example 8C 



10 



fitt rift w fS "•" l< ' en, « E<, >» 

Example 9 



75 



20 



30 




the P H adjusted by the addHion of one-tentiTvo ST? f m ♦ J°- a ,inal concentration of 0.5 M salt, and 
solutioa ^H^-U^^^^^^^ n ^^^ PH 11-9 to give a final pH 10.0 

sample at a mofar ratio of3 rnolTJ SnTK^cW^^^^^ 1 • 2 -« hanedi y> was added to the 
'oomtemperatureforSOrninu^ 

PEQ-modified protein was prectaitaS tem !> 1 M ^ a ™' pH 6 3 10 a ,inal concentration of 20 mM 

sodium phosphate. pHToS clnS 
gation (10.000 x g for 12 min.). AftSng^ 

Phosphate. pH 7.0. the pellet waTr^S ^ a ™ 10 ™" 1 ■** 50 mM sodium 

if ied protein was purified and charactered ^e2dTSS^ TT'™ pH &a 1)16 PEQ - mod " 
with an apparent molecular weight SfflS aSSSSI^? i ? 6 Pe9y,ated ' FN Species was obtaine ° 
by the procedure descr^ed^S™? ?^£22£l2ffi? ^ ? ^ mcdBtad protein "» d ^mined 
specific activity of the RI^Xi7lS^^i5!J , 9 ' FN ' a ' Pha 26 x 1 ° 8 U/mg and the 
afcha retained biological activ£ ^Tr^Z^X d<>m0M9 ** 816 PEQ ™" 

Example 10 



35 



40 



45 



50 




and^Sen^^^^^ 

using the IFN-alpha conjugatSto 3 Sp6Cifk: act,Vfty 01 « x 1 ° 8 u *"3 

1.0 x 10* U/mg as desc ibed * SaSei Th ElSES mo,ecu,ar t «f 9j«^31 KD and had a specific activity of 

^ mple 8 - 77,8 b,oact,v| ty of the conjugated IFN-alpha was within 3-fold of IFN-alpha. 

Example 11 

Pgpaga^^ 

pr^SaCel^Jofd^ 

added65mg(0.3mmoQofdi-2-^d^^ 

removed under reduced pressuTand^riiLu^^ 

washed with 50 ml of ethe mE^SSSIS?!! ^ ^ **• ^ Predpitate *" then ,i,tered ^ 
stream of nitrogen to give 1 g oTatoS ma^^T-ro S ^ dried in 3 VBCUum oven under a slow 

ediyl) SRU it*, as a 9 Xep^T ethoxy]po.y(oxy-1.2-ethan- 

&M. Calcd for C 9 H la N 2 0 3 (CH 2 CH 2 0) 1117 : C.54.56; H.9.04; N.0.55; Found: C.54.26; H.9.00; N.0.53. 
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Example 11a 

Preparation of alpha-Methyl-omega-r2'[[(2-pyridinyloxv)-carbotTynamino1ethoxvlpoly(oxv-1 ,2-ethanediyl) SRU 
225 

By the procedure described in Example 11, alpha-(2-aminoetriyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 
225, (as prepared in Example 1c) was converted to alpha-methyl-omega-[2-J(2-pyridinyloxy)carbo- 
nyl]amino]ethoxy]poly(oxy-1,2-ethanediyl) SRU 225. 

Anal. Calcd for CgH^OafCHaChfeO^s: C. 54.54, H, 9.10; N, 0.28. Found: C, 54.49; H. 9.27; N, 0.31 . 
Example 11b 

Preparation of alpha-Methvl-omeQa42-rK2-pyrId1nvto SRU 
28.3 

By the procedure described in Example 11, alpha-(2-amino-ethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 
28.3 (as prepared in Example 1f) was converted to alpha-methyl-omega-[2-[[(2-pyridinyloxy)carbonyl]- 
amino]ethoxy]poly(oxy-1 ,2-ethanediyl) SRU 28.3. 

Anal: Calcd for C 9 H 1 2N 2 03(CH 2 CH 2 0)28.3: C, 54.61; H, 8.75; N, 1.94. Found: C. 54.67; H, 8.96; N, 1.63. 

Example 12 

Preparation of IL-1 ra conjugated to PEG by means of the reagent alpha-Methvl-omeqa-r2-rf(2-pvridinyloxv)-car- 
bonvl1amlno1ethoxvlpolv(oxy-1 t 2-ethanedlvl), SRU 111.7 " 

alpha-Methyi-omega-[2-[[(2-pyridinyloxy^ ,2-ethanediyl) SRU 1 1 1 .7, was added to 

25 mg of purified IL-1ra in 2.5 ml of buffer (0.1 M sodium borate, pH 9.0) in a molar ratio of 1 mole of reagent per one 
mole of IL-1ra. The solutions were thoroughly mixed and the pegylation reaction was allowed to proceed at room tem- 
perature for 60 minutes. PEG modified ILra was then purified according to the procedure set out in Example 6. 

The predominant pegylated products from the 60 minute reaction had apparent molecular weights of 28 kD and 38 
kD and accounted for approximately 42 and 29% of the total protein from the reaction mixture, respectively. 

The ability of the purified IL-1ra proteins from the reaction mixture to inhibit IL-1 binding was determined as 
described in Example 6 and summarized in Table XII. The binding properties of the 28kD product was not significantly 
altered and the bindability of the 38kD protein retained activity within 5-fbld of IL-1ra. 

TABI^ X H. Inhibition of f ^ IML-l Binding hv IL-lra Prntpin 
PggYlated with the reagent described Example 11 



Apparent Molecular Weighr of IC^Q 

ILdia Protein ffrP) fn^/mn 

19 (unmodified) 2.0 
28 3.0 

38 10.0 



The pharmacodynamic profile of PEG-IL-1ra was determined as described in Example 6. The data are summa- 
rized in Table D3. IL-1 alone induced 27283 u/mi of IL-6. Unmodified IL-1 ra inhibited less than 50% of the IL-1 response 
within 6 hours of administration. In contrast, PEG IL-1 ra although less active at early time points, was much more active 
at 24 and 48 hours after injection. Thus, the PEG-IL-1ra exhibited a prolonged pharmacodynamic profile. 
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TABLF ' P L. ." lmnw * ffl "1r Prom- nf mg 



70 



.75 



20 



30 



35 



40 



45 



50 



JUDilhr.) Prior f? 


1W 


-UnitsZmi 




19 icn 




0 
6 


4789 


23806 


24 


15324 


10833 


48 


24841 


5727 


72 


16348 


9364 




12067 


12054 



yl-or 



)-car- 



Example12A 

Preparation of IL-1 ra conjugatedto PEG by m^n. m m 
bonynamino]ethoxvlDol Y (n xv-1.2-ethanedivn. SRU 225 

molar ratio of 4 rn? es 1 SjSSJ rSffi SU1 ^ ^ ^ 1 M """" b0ra,e ' pH 90 > in ■ 
o< the Affiled IL-l ra ^STiTh ° ,eaak »"™»™ "»>»*** H» *% 

IAB^e m TnMMtion nf f ^ nn,., Ri „ Hi k 



Apparent Molecule w» frhT nf, 
IL-lra Pjojsin ftQ) 

19 (unmodified) 
33 
48 



0.8 
6.0 
18.0 



55 



inTaK^ 

pared to the unmodified I IMrT ^P'" 5 * ^ COnC9 * 8fon! 80(1 for 8 prolonged time com- 
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TABLE P4. Pharmacokinetic Profile nf TT ,.lra Cnn ? n p a t^ 
with the reagent described in Example ii^ 



Serum Level ft f 
IL-lra fn f /mn 

Time fhr.) After Administrating 19 kD 33 kD 



1 


220 




2 


33 


700 


3 


13 




4 


5.3 


500 


6 


1.5 




8 




150 


10 




83 


24 




5 



Example 13 

Preparation of rlL-2 conjugated to PEG by means of the reagent alpha-IV!ethvl-omeqa-r2-fr(2-pvridlnvloxv)-car- 
bonyl1amino1ethoxylpoly(oxy-1 ,2-ethanediyl). SRU 111.7 

rlL-2 was pegylated with alpha-methyl-omega-[2-[K2-pyridiiT^ 
SRU 111.7, according to the procedure set forth in Examples 3 and 8b. The specific activity of the IL-2 protein was 
determined as described in Example 8. The specific activity of the 15 kD unmodified rlL-2 was 2 x 10 7 units/mg and of 
the 29 kD pegylated IL-2 was 2.4 x 10 7 units/mg IL-2 indicating no substantial loss of biological activity as a result of 
pegylation. 

Example 14 

Preparation of PEG-modif led rlL-1 alpha conjugated to PEG by means of the reagent al pha-Methvl -omega- f2- 
ff(2-pyridinvloxy)carbonvnamino1ethoxylpoly(oxv-1,2-ethanedivn. SRU 111.7 

rlL-1 alpha was pegylated with the reagent described in Example 1 1 , alpha-methyl-omega-[2-[[(2-pyridinyloxy)car- 
bonyl]amino]ethoxy]po!y(oxy-1 ,2-ethanediyl) SRU 111.7, according to the procedure set forth in Examples 4 and 7. Two 
pegylated rlL-1 alpha proteins with apparent molecular weights of 28 kD and 38 kD were purified and accounted for 50 
and 25 per cent of the total proteins from the reaction mixture at 60 minutes respectively. 

Example 15 

Preparation of IFN-alpha conjugated to PEG by means of the reagent alpha-Methvl-omega-r2-FK2-pvridinyloxv)- 
carbonvnamino1ethoxvlpolyMoxv-1.2-ethanedivl). SRU 111.7 

IFN-alpha was pegylated with the reagent described in Example 11, alpha-methyl-omega-[2-[[(2-pyridinylQxy)car- 
bony1]amino]ethoxy]poly(oxy«1 ,2-ethanediyl) SRU 111.7, according to the procedure set forth in Example 8. Forty per- 
cent of the protein was derivatized after 60 minutes and the product had an apparent molecular weight of 26 kD. 
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Example 16 



10 



15 



20 




minsd as deserted In Example tnii^SS^SSJSii •,L ,h ," J*"* "*"> ? "*■**• **■ 
Example 17 




Example 18 



)SRU 111.7 



25 



30 



35 



40 



added. The resulting ^■tSI fi'lJ of d.-^yndy. carbonate and 4 mg of DMAP were 
triturated with diethyl ether and to^ZtTo^ZmjS 5? ^ r6m0V8d Under W8cuum - 7116 »» 
warrnedtocause^ssoiutcn^ 

hours. The resulting precipitate was then filter «h a „H >*.*JZ~T.*^ «»' ana stand at room temperature for several 
vacuum oven and under a S iETE£ oTotIS !? "t? ^ ^ S0,W *" * ied ifl ■ 
1 ,2-ethanediyl) SRU 1 1 1 . 7 to g,ve 0.7 g of alpha-Ka^dnyloxyJcarbonylJomega-methoxypoly (oxy- 

AnaLCalcd for C 9 H 1lN 0 4 (CH 2 CH 2 0) 1117 : C. 54.57; H, 9.02 : N. 0.28. Found: C, 54.51 ; H, 9.19; N, 0.28. 
Example 18a 

Preparation of a'pha-[(2-PYridinYloxy)carbonvllomeaa-methoxy P o>v foxY-i T 2-ethanediyl) T srii oo* 

ittCacd to C,H,,N0 < (O W! 0 tei: 0. 54.54- H. 9.08: N. 0.14 Found: 0. 54.54,- H. 9.12, N, 0.11. 
45 Example 19 

W .heproc*^ SRU 111.7by 

ular weights of 26 S and SS^ aSl if? * The t ^ ominant Pe9ylated producte had W"t molec 
minute reaction miSre reSSv^ S2£ 2 m^"^' 5 ? 1 ^ 57 P6f C6nt 01 * e total from the 60 
Wrnlingwasdeterr^'i^Si^^?^^ rf,ed L J,? ^ *e reaction m^e to inhibit IL-1 

* 'etai^tebi^^^ 

a 15-told decrease !Z£n£l£Ei £ti 19 ^ a9n,,,Cant **■ ^ as indioa,ed «V 
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TABLg XIV, WMfi0W ftf [ 1 25 HIL-1 Bindiny h y IL-1™ Prm^, 

Pggvteted with the reagent descrihed in Ry a m P i f ]ft 



Apparent Molecular Weight of 
ILdia Protftin ffrP) 

19 (unmodified) 
26 
33 



I£50(l)g/ml) 



2.0 
8.0 
30.0 



Example 19A 



Preparation of IL-1 ra conjugated to PEG by means of the reagent alpha-r(2-Pyridinvloxv)carbonvl1omeqa-meth- 
oxypoly (oxy-1,2-ethanediyl), SRU 225 

IL-ra was pegylated with alpha-[(2-pyrldinyloxy)carbonyl]omega-methoxypoly (oxy-1,2-ethanediyl), SRU 225, 
according to the procedure set forth in Example 19. The predominant pegylated products from the 60 minute reaction 
method mixture had apparent molecular weights of 33 kD and 48 kD and accounted for approximately 47 and 25 per 
cent of the total protein from the reaction mixture, respectively 

The ability of the purified IL-1ra proteins from the reaction mixture to inhibit IL-1 binding was determined as 
described in Examples 6 and 12 and summarized in Table XV. The 33kD protein retained activity within 6-fbld of IL-1 ra. 
The higher molecular weight conjugate lost significant activity. 



The pharmacokinetic profile of PEG-IL-1 ra was determined as described in Example 6A. The data are summarized 
in Table D5. The PEG-IL-1 ra was detectable in the serum samples for a prolonged time compared to the unmodified IL- 
1ra demonstrating a prolonged serum half-life. The pharmacodynamic profile of PEG-IL-1 ra was determined as 
described in Example 6, except that 0.05 ug of rlL-1 alpha was administered. The data are summarized in Table D6. 
The response to IL-1 alone was 9203 units/ml IL-6. A prolonged inhibitory effect, compared to unmodified IL-1 ra, can 
be seen at up to 72 hours following administration of the PEG-IL-1 ra demonstrating improved pharmacodynamic prop- 
erties. Collectively, these data illustrate that even if a pegylated protein has diminished activity in vitro, it could have 
improved pharmaco-dynamic properties in vivo. 



TABLE XV. Inhibition of Binding hv TT-lrfl iy T ~n«. 

Pegylated with the regent descri bed in Example 18a 



Apparent Molecular Weight nf 

IL-lra Protein (VP) 
19 (unmodified) 
33 
48 



IC50 (n g/ ml ) 



1.5 
9.0 
40.0 
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.with the recent rf^rrifr n f in Examcls If fa 



10 



15 



20 



25 



Time fhr.) After Administtafea 



Serum n,-1ra fmg^l) 

\9 RP 33 kD 



1 

2 
3 
4 
6 
8 
10 
24 



580 
75 
30 
30 
8 



100 

60 

12 
17 
10 



30 



35 



40 



45 



SO 



55 



TAgLq pfi . Pharmacodynamic Profit, nf y L . Tra r«n|. Tr ntr1 
With the reagent dgsgrjfcej in R^mpiy is 



Time (hr/t Print to 
IL-1 Administration 

0 

6 
24 
48 
72 



il-6 OMtsZml} 

19 kD 26 kD 

521 454 

2334 4 1 6 

13486 2552 

16577 4667 

12800 5148 



Example 20 

Preparation of IFN-alpha conjugated to PE G by means of the reagent alDha-K2-Pvridlrwloxvtearbonvno meoa- 
methoxvpolv (oxv-1.2-ethanedlvn. SRU 111^7 — — — u 

The reagent alpha-[(2ivridinyloxy)carbonyl]omega-methoxypoly (oxy-1,2-ethanediyl), SRU 1 1 1.7. was added to 1 
mg of purified IFN-alpha in 200 ul of buffer (0.1 sodium borate. pH 9.0) in a molar ratio of 10 moles of reagent per mole 
IFN-alpha, The solutions were thoroughly mixed and the pegylation reaction was allowed to proceed at room tempera- 
ture for 60 minutes. Purified PEG-modified IFN-alpha was then obtained according to the procedure set forth in Exam- 
ple 8. Thirty-six percent of the protein was derivatized and the product had an apparent molecular weight of 28 kD. 

The specific activity of the purified I FN proteins from the reaction mixture were determined as described in Example 
8 and the values are summarized in Table XVI. The modified I FN had a 5-6 fold decrease in biological activity in yjtja 
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TABLE XVI, Bioactivitv of IFN-alpha C onjugated wjth the geag g U 
described in Example lif 

Apparent Molecular Weight of 
IFN-alpha Protein ^n) 
15 (unmodified) 
28 



Example 20A 

Preparation of rlL-2 conjugated to PEG by means of the reagent alpha-r(2-Pvridinvloxv)carbonvl1omeaa-meth- 
oxypolv (oxv-1,2-ethanedivn. SRU 111.7 

The reagent alpha-[(2-pyridinyloxy)carbony!]omega-methaxypoly (oxy-1 ,2-ethanediyl), SRU 111.7, previously 
described in Example 18, was added to 1 mg of rlL-2 in 200 u! of buffer (0.1 sodium borate, pH 9.0) in a molar ratio of 
5 moles of the reagent per one mole of rlL-2. The solutions were thoroughly mixed and the pegylation reaction was 
allowed to proceed at room temperature for 60 minutes. 

The predominant molecular weight species from the 60 minute reaction mixture were identified by SDS-PAGE with 
apparent molecular weights of 15 kD (unmodified) and 25 kD. The 25 kD pegylated protein accounted for 60% of the 
total protein. 

Example 21 

Preparation of I FN alpha conjugated to PEG by means of the reagent alpha-K2-Pvridinyloxv)carbonvl1omeqa- 
methoxypoly (oxv-1 ,2-ethanediyl) SRU 111.7. 

IFN-alpha was pegylated with the reagent described in Example 18 according to the procedure described in Exam- 
ple 9. 

The specific activity as determined by methods described in Example 8, of the starting unmodified IFN-alpha was 
1 .0 x 10 8 U/mg and the specific activity of the IFN-alpha conjugated to PEG was 0.4 x 10 8 U/mg demonstrating no sig- 
nificant loss in bioactivity. 

Example 22 

Preparation of I FN aloha conjugated to PEG by means of the reagent alpha-r(2-Pyridinvloxv)carbonvHomeqa- 
methoxypoly (oxv-1.2-ethanedlvl) SRU 225. 

PEG was conjugated to IFN-alpha using the reagent described in Example 18a with the procedures of Example 9. 
The specific activity as determined by methods described in Example 8 of the IFN-alpha conjugated to PEG was 0.3 x 
10 s U/mg. 

Example 23 

Preparation of alpha-r2-(lsothiocvanato)ethyl1-omega-methoxvpoly (oxy-1 t 2-ethanediyl) SRU 111.7 

To 2 g of alpha-(2-aminoethyl)-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 1 1 1 .7 in 1 00 ml CH 2 CI 2 was added 
94.2 mg of di-2-pyridylthionocarbonate. The solution was allowed to stir 18 hours and then extracted with a small 
amount of cold water. Most of the CH 2 CI 2 was removed under reduced pressure and ether added to cause precipitation. 
The product was filtered and dried under high vacuum to give alpha-[2-(isothiocyanato)ethyl]-omega-methoxypoly (oxy- 
1 ,2-ethanediyl) SRU 111.7. 



Specific Activity 
units/mg 
1.88 x 108 
8.0 x 10? 
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£ngj. Calod for C 4 H 7 NOS (CH^O),,, 7 : C. 53.88; H, 9.07; N. 0.28; S, 0.64. Found: C. 54.45; H. 8.93; N. 0.28; 
S, 0.53. 

Example 24 

Preparation IFN-alpha conjugated to P EG by means of the reaoent alDha-f2-flsothiocvanat t rt «thvn.nm 0 n a . 
methoxypolv (oxv-1 .2-ethanedivO. SRU 1 1 1 .7 — — u 2a_ 

The reagent alpha-[2-(isothiocyanato)ethyl]-omega-methoxypoly (oxy-1 ,2-ethanediyl), SRU 1117 previously 
descnbed in Example 23 was added to 1 mg of purified IFN-alpha in 200 ul of buffer (0.1 M sodium borate pH 9 0) in 
a molar ratio of 10 moles of reagent per one mole IFN-alpha. The solutions were thoroughly mixed and the pegylation 
reaction was allowed to proceed at room temperature for 60 minutes. Thirty percent of the product was derivatized and 
had an apparent molecular weight of 26 kD. 

is Example 25 

Preparation of iiL-2 conjugated to PEG bv means of the rea gent alPha-r2-flsothiocvanatoi e thvn-nma« a .m nt h. 
oxvpolv (oxv-1, 2-ethanedlvn. SRU 111.f ' — 1-1 * — 



10 



20 



25 



30 



35 



40 



The reagent alpha-[2-<isothiocyanato)ethyl]-omega-methoxypoly (oxy-1 ,2-ethanediyl) SRU 111 7 previously 
descnbed in Example 23. was added to 1.0 mg of recombinant IL-2 (rlL-2) in 100 ul of buffer (0.1 M sodium borate pH 
9.0) in a molar ratio of 1 0 moles of reagent PEG per mole rlL-2. The solutions were thoroughly mixed and the pegylation 
reaction was allowed to proceed at room temperatures for 60 minutes. Purified PEG-modified rlL-2 was then obtained 
according to the procedure as set forth in Example 3. The derivatization results are summarized in Table XVII. 

TABLE XVTT Modification of rTT,-?, with the rsagsnUkssiM ™ 

Examnle 2J 

Apparent Motowlar Wnrhr of % of Total Epa sin 
rtL-2 Protein ftp) from React,™ 

15 (unmodified) 70 

20 
10 



26 
30 



Example 26 

Preparation 1L-1 ra conjugated to PEG bv means of the re aoent alDha-r2-flsothiocvanato1ethvn-omeoa -m e tri Q Y. 
* ypolv (oxv-1 .2-ethanedivn. SRU 111.7 JU ^ 

IL-1ra was pegylated with alpha-[2-flsothiocyanato)eth^ (oxy-1 ,2-ethanediyl) SRU 111 7 

according to the procedure described in Example 6. The predominant pegylated products had molecular weights of 26 
31 , 38 and 48 kD and accounted for approximately 1 7, 44, 15 and 10 per cent of the total protein, respectively. 
so The ability of the purified 26 kD IL-1 ra protein from the 60 minute reaction mixture to inhibit IL-1 binding was deter- 
mined by methods described in Example 6 and summarized in Table XVIII. The pegylated protein retained its bindinq 
capacity within 2-3 fold of IL-1 ra. ^ 



55 
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TABU XVIII. Inhibition Of r*25niL.1 Bindin g hv IT..1r a Prnt^ 
Pegylated with the reagent described in Example 23 

Apparent Molecular Weight of 

IL-ka Protein (KP) ICsn fng/mn 

19 2.0 

26 5.0 



Example 27 

Preparation of rlL-1 alpha conjugated to PEG by means of the reagent alpha-r2-flsothiocvanato)ethyl]-omeqa- 
methoxypoly (oxy-1 ,2-ethanedlvl). SRU 111.7 

Recombinant IL-1 alpha was pegylated with alpha-[2-(isothiocyanato)ethyi]-omega-methoxypoly (oxy-1 ,2-ethan- 
ediyl), SRU 111.7, as described in Example 4. Two predominant molecular weight pegylated species from the 60 minute 
reaction mixture were identified by SDS-PAGE with apparent molecular weights of 26 and 38 kD. The latter two 
pegylated proteins accounted tor 46 and 46 per cent of the total protein, respectively. The pegylated rlL-1 alpha was 
purified from the reaction mixture and characterized as described in Example 4. 

The bioactivity of the pooled purified fractions were evaluated in the D10 cell proliferation assay as described in 
Example 7 and results summarized in Table XIX. The samples noted as mixtures in the table contained more than one 
protein species that was not further purified. The 26kD pegylated protein had a specific activity essentially indistinguish- 
able from IL-1. 



TABLE XIX. Bioactivitv of rIL-1 alpha conjugated to PRfl wijh ih* 
reagent described in E xample 23 

Apparent Molecular Weight of Specific Activity 

rIL-1 alnha Protein (km units/mg 

17 1.1x108 

26 1J x 108 

26, 38 (mixture) 2.0 x K)8 

>38 (mixture) 6.0 x 10$ 



Example 28 

Preparation of alpha-r(2-Pvridlnvloxv)thlocarbonvn-omega-methoxvpolv (oxy-1 .2-ethanedlyl) SRU 225. 

From a solution of 1 g (0.1 mmol) MPEG (methoxypolyethylene glycol molecular weight 10,000) in 30 ml of CH 2 CI 2 
was distilled 10 ml of solvent. The resulting solution was cooled and 69.7 mg (0.3 mmol) of di-2-pyridyl thionocarbonate 
and 2 mg of DMAP added. The mixture was then stirred under an atmosphere of argon for 18 hours. The solvent was 
removed under vacuum and the residue redissolved in a minimum of CH 2 CI 2 . Ether was then added and the resulting 
precipitate filtered and washed with ether. The product was then dissolved in 5 mi of warm glyme and the resulting solu- 
tion allowed to stand overnight. The resulting precipitate was then filtered and washed with 2x5 ml of glyme and 5 ml of 
diethyl ether. The product was then dried in a vacuum oven under a slow stream of nitrogen to give 0.9 g of alpha-[(2- 



35 



EP 0 510 356 B1 

pyridinyloxyJthio-carbonylJ-omega-methoxypoV (oxy-1.2-ethanediyl) SRU 225. 

Ana]. Calcd for C 9 H 11 N03S(CH 3 CH 2 0) 225 .3: C. 54.46; H, 9.04. Found: C. 54.67; H. 9.30. 
5 Example 29 . 

Preparation Of IL-Ira rnnjnrpted to PEG by i mans Of the reansnt a >n h a ,r, 
methoxypol v (oxv-l.2-ethanedivn. SRU225 



10 



15 



20 



25 



30 



ftiocarbor 



Molecnl^ w r | fht pf 
IL-lra f frpj 

19 (unmodified) 
33 



ICsn fng/m]) 
1.4 
5.0 



35 



40 



45 



Example 30 

Carbonothlolc acid o.o^l-f6 .methyl-2-Dvrtdlnyi) e<ster 

T °aso'"«onof iog(o.09mol)of6-me%l-2-hydroxyp^ 12 7mloftriothl , 

was allowed to digest overmght The resulting precipitate was filtered, washed with hexane and dried in a Z!Z 
ur.deras.ow stream of nitnogen to flfce5.7 3 of ca*«x^ 

Anal. Calcd for C l3 H 12 N 2 0 2 S: C. 59.98; H, 4.65; N, 10.76; S. t2.32. Found: C. 59.65; H. 4.59; N, tO.75; S. 12.06. 
Example 31 



50 



Die 1cfaS 52 ! 7 £, * ST e * h h ox y-° ni ^ a -( 2 - am ' n °ethy') Poly(oxy-1,2-ethanediyl) SRU 225 (asprepared in Exam- 
ss f5 J? !2 SL^ ca * onothlolc ac,d o,odi(6-methyl-2-pyridiny0ester (Example 30) dissolved in 15 ml cfZ 
triS™L^Tl?T ,9l l at r00m tem P e ^e. The solvent was removed uT^educed pressure Lie esidte 
trrturated wrth d.ethyl ether. The precipitate was filtered and washed with ether. The product was Ihei Z£S ml 

leZZT* h and 2r d thr ° U9h 3 075 micron Mi,,ipore ,i,ter - 71,6 Solution - s ^SSSJSJSJ 

perature for 48 hr. and the resulfng precipitate filtered. The product was then dried in a vacuum oven unde a^atmi 
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phere of N 2 for 18 nr. to give 0.9 g of alpha-me%l-omega-[2-[[(6-methyl-2-pyridin^ 
ethoxy]poly(oxy-1,2-ethanediyl) SRU 225. 

AtiaL Calcd for C^^ 4^028(0^0^0)225' C, 54.50; H, 9.09; N, 0.27; S, 0.32. Found: C, 54.38; H, 9.20; N, 0.21 ; 
S, 0.37. 

Example 32 

Preparation rlL-1 ra Conjugated to PEG by means of the reagent alpha-IVIethvl-omeqa-f2-rr(6-methvl-2-pvrldlnv- 
loxv)thiocarbonvl1amino1ethoxvlpo»v(oxv-1.2-ethanedivl) SRU 225 

The reagent prepared as previously described in Example 31 was added to 5.0 mg of purified rlL-1ra in 1 .0 ml 0.1 
M sodium borate, pH 9.0 in a molar ratio of 2.0 moles reagent per mole rlL-1 ra. The solution was thoroughly mixed and 
the reaction mixture was allowed to proceed at room temperature for 60 minutes. 

The rILIra products were evaluated using the procedure described in Example 6. Table XXI shows the percent of 
modification of primary molecular weight species from the reaction mixture. 

Tafrte XXI Modification of rIL-Ira with the rea gent desrriherf f j n 
Example 31 

Apparent MolscyJar Weight of % of Tntai Basi n 

rIL-Ira Protein flrP) from Reaction 

19 (unmodified) 30.O 
35 65.0 
48 5.0 

rlL-1ra products from the reaction mixture were purified using the method described in Example 6. 

Purified fractions from the reaction mixture were assayed in an rlL-1 radioreceptor competition binding assay as 
described previously in Example 6. The results are shown in Table XXII. These results show that the 35 kD protein was 
6-fold less active than unmodified IL-1ra for inhibiting 11-1 binding while the 48 kD protein was 20-fbld less active. 

Table XXU, Inhibition Of f l 25n IL-1 binding hv rTT.Ir a con i„p fl t ft rt 
with the reagent described in Example 31 

Apparent Molecular Weight nf 

rIL-Ira Protein flrTi) IC ^ <ng/mh 

19 (unmodified) 1.5 
35 9.0 
48 30.0 
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Example 33 



10 



15 



A. Preparation of atpha-fP-r,hlnmethYl)-omena-f?Thlnro e th Q wtoniv^ yy .i o ^ han ^ ivi , SB , , 1gn 

mmmwmiwt 

Anal. Calcdfor C^CI^CHaCOISO: C. 54.16; H. 9.09; CI, 0.88. Found: C. 53.40; H, 8.81; CI, 0.93. 
A mixture of 72 g of a)pha-(2<hloroethyl)-oniega-(2-chloroethoxy)poly(oxy-l 2-ethanedivn sri hfi n Wn 

so Ana!. Calcdfor Cj^CHaCH^a,,: C. 54.07; H, 9.08; N, 1.044. Found: C, 53.76; H, 9.28; N, 0.96. 
C. Preparation of qlpha-fP-Aminnf^yn-Qmena-fP-aminoethnw^^nvy.i 2 .efo* n «r,rt SR. ■ ian 

g.ve 66 g of alpha-(2.aminoethy.)^mega-(2-aminoethox y ) P o.y(ox y .1 .2-etraned^ SrJisT 2 
AM. Calcd for C 2 H 8 N 2 (CH 2 CH 2 O) 180 : C. 54.42; H. 9.18; N, 0.35. Found: C. 53.85; H, 9.20; N, 0.43. 

45 e ^^ 

in ^To^hS Uf.S^r'.T ^-° me 9 a -( 2amin oethoxy) P oly(oxy-1,2-eth a nediyl) SRU 180 dissolved 
in 40 mi of dry CH 2 CI 2 was distilled 1 5 ml of solvent. The solution was cooled to 0°C and 85 ™ 1 6 ?q «J TTJgT 



35 



40 



AnaL CalcxJ for C 14 H 14 N 4 O 4 (CH 2 CH 2 O) 180 : C, 54.57; H, 8.99; N, 0.68. Found: C, 54.32; H, 8.79; N, 0.77. 
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Example 34 

alpha-[2-K(2- Pvridlnvloxv)cafr 
1,2-ethanedivl)SRU452 

A. Preparation of afpha-f2-Chloroethvn-omeaa-f2^hloroethoxvlDolvfoxv-1.2-ethanedivl) SRU 452 

By the procedure described in Example 33A, polyethylene glycol molecular weight 20,000 was converted to alpha- 
(2-chloroethyl)K)mega-(2-chloroethoxy)-poly(oxy-1 ,2-ethanediyl) SRU 452. 

Anal. Calcd for C 2 H 4 CI 2 (CH 2 CH 2 0)452: C, 54.38; H, 9.13; CI, 0.35. Found: C, 54.36; H, 9.23; CI, 0.40. 

B. Preparation of alpha-(2-AzidoethvlVomeQa-f2-a2idoethoxv)poly(oxv-1.2-ethanedivl) SRU 452 

By the procedure described in Example 33B, alpha-(2-chloroethyl)-omega-(2^ 
ediyl) SRU 452 was converted to alpha-(2-azidoethyl)-omega-(2-azidoethoxy)-poly-(oxy-1 ,2-ethanediyl) SRU 452. 

Ana!. Calcd for C 2 H 4 N 6 (CH 2 CH 2 0)45 2 : C, 54.35; H, 9.12; N, 0.42. Found: C, 54.38; H, 9.30; N, 0.47. 

C. Preparation of alpha-( 2-Aminoethvn^meoa-^2-aminoethoxv)Dolvfaxv-1.2-ethanedivh SRU 452 

By the procedure described in Example 33C, alpha-(2-azidoethyl)-omega-(2-a2idoethoxy)-poly(oxy-1 ,2-ethan- 
ediyl) SRU 452 was converted to alpha-(2-aminoethyl)-omega-(2-aminoethoxy)poly(oxy-1 ,2-ethanediyl) SRU 452. 

Anal. Calcd for C2H 8 N 2 (CH 2 CH 2 0)4s 2 : C, 54.49; H, 9.17; N, 0.14. Found: C, 54.44; H, 9.19; N, 0.15. 

D. alph3-r2-ff(2-Pyridinyto^^ 
ethanediyl) SRU 452. 

By the procedure described in Example 33D, a!pha-(2-aminoethyl)-omega-(2-aminoethoxy)poly(oxy-1 ,2-ethan- 
ediyl) SRU 452 was converted to alpha-[2-[[(2-pyridinyloxy)carto^ 
bonyl]amino]ethoxy]poly(oxy-1 ,2-ethanediyl) SRU 452. 

Aoal. Calcd for CuH^O^C^CHaO)^: C, 54.56; H, 9.08; N, 0.28. Found: C. 54.33; H, 9.13; N, 0.33. 
Example 35 

Preparation rlL-1ra Conjugated to PEG by means of the reagent alpha-r2-rr(2-pyridlnvloxy)carbo- 
nyllamino]ethyl1-omeqa-r2-r[^ .2-ethanedivl) SRU 452 

The reagent prepared as previously described in Example 34 was added to 5.0 mg of purified rlL-1 ra in 1 .0 ml 0.1 
M sodium borate, pH 9.0 in a molar ratio of 1 .0 moles of reagent per 4.0 moles rlL-1ra. The solution was thoroughly 
mixed at room temperature for 60 minutes. 

The rlL-1ra products were evaluated using the method previously described in Example 6. Table XXIII shows the 
percent of modification of primary molecular weight species from the reaction mixture. 
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Example W 



10 



15 



Apparent Molecular ffislghi gf 
rlL-lra IWj n pi 

19 (unmodified) 

55 

75 



% Of Tntfll p~ r - in 
from Scjgjigj 



50.0 
35.0 
15.0 



Example 36 

20 

Bis-f3-Methvl-2 -pvridvncarbQn a fA 

N * HC ° 3 so,ut,on followed by a saturated NaCI solution and then dried (IMa 2 S0 4 ) The solverrt was 

30 Anal. Calcd for C l3 H 12 N 2 0 3 : C, 63.93; H f 4.95; N, 1 1.47. Found: C, 63.78; H, 4.86; N, 1 1.23. 
Example 37 



35 



40 



45 



50 



ml of^CI^L 0 !,^? a !^ a -7^-° me 9 a -( 2 ^ SRU 225 dissolved in 25 

mi of CHaClg was distilled 10 ml of solvent. To the solution was then added 49 2 ma fO 2 mmon of hk n ™ZTo 

Ih T. J u 2Cl2 - Eth6r W8S slowly added while boilin 0 °« «he solvent until the solution becomes 

to J« men i ,,lterecl and *ied in a vacuum oven under an atmosphere of nitrogen to give 0 6 o of aloha m^thvi JJ! 
I2-[I(3-me%|.2-pyridinylo^^^ 

Anal. Calcd for C^H^N^CHaC^O)^: C. 54.59; H. 9.09; N, 0.28. Found: C. 55.64; H, 9.14; N, 0.22. 
Example 38 




The reagent prepared as previously described in Example 37 was added to 5.0 mg of purified rlL-1ra in 1 0 ml 0 1 

« Eizszzx* ^ r mo,ar ra6 ° * 20 mo,es rea9ent ** m ° ,e r,L - 1 1 

ss the reaction was allowed to proceed at room temperature for 60 minutes. V 
The rlL-lra products were evaluated using the procedure described in Examole 6 Tahio yyiv =h™.~ * 
of modification of primary molecular weight species from the reaction , mMura *° 
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Table XXIV. Modification of rlL-lra with th e reagent described in 
Example 37 



Apparent Molecular Weight of 
rlL-lra Protein fkm 

19 (unmodified) 

35 

45 



% of TotaJ Protein 
from Reaction 

45.0 
43.0 
12.0 



rlL-1 ra products from the reaction mixture were purified as described in Example 6. Purified fractions from the reac- 
tion mixture were assayed in an rlL-1 radioreceptor competition binding assay as described in Example 6. The results 
are shown in Table XXV. The 35 kD protein was 4-foW less active than unmodified IL-1 ra for inhibiting IL-1 binding. The 
45 kD protein was 30-fold less active. 

Tab ! ? XXV, Inhibition Of f l^n iL-l binding hv rTT - lra nnnpp atttH 
with the reagent described in Example 35 
Apparent Molecular Weight nf 

rlL-lra Protein OsB) IC ^n (ng/mtt 



19 (unmodified) 

35 

45 



1.0 
4.0 
30.0 



Claims 

Claims for the following Contracting States : AT, BE, CH, DE, OK, FR, GB, IT, LI, LU, MC, NL, PT, SE 

1. A physiologically active conjugate of a protein of the formula 



r^-O-CCHaCHzO^-CHaCr^-Pr 1 ^ / 

C 

I 



NHfprotein 



m 



wherein R 1 is lower aikyl containing from 1 to 6 carbon atoms; R 2 is -O- or -NH-; R 3 is =N-R 4 , =S or =0; R 4 is lower 
CrC$ aikyl or cycloalkyl; m and n are selected from integers >. 1 in a way that the conjugate has at least a portion 
of the biological activity of the non conjugated protein; and wherein the protein is interleukin-1, interleukin-lra, 
interferon-alpha or irrterleukin-2; with the proviso that when R 2 is -0-, R 3 is other than =N-R 4 ;and that when R 2 is 
-O- and R 3 is =0 the protein is not interleukin-2. 

2. A protein conjugate of claim 1 wherein m and n are selected in a way that the molecular weight of the Polyethylene 
Glycolation pegylation residue(s) per protein molecule is from 300 to 30,000 daltons. 
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3. A protein conjugate of claim 1 or claim 2 wherein m is 1 or 2. 

4. A protein conjugate of any one of claims 1 -3 of the formula 



H H 



R-OfCHaCHaOJ-CHaCfY Y 

NR 4 



m 



wherein R\ R 4 , m. n and the protein are as in claim 1. 
5. A protein conjugate of any one of claims 1-3 of the formula 



—protein 



m 



I- 



wherein R 1 , m, n and the protein are as in claim 1. 
6. A protein conjugate of any one of claims 1 -3 of the formula 



i y N .NHfprotein 

tf-0(CH 2 CH 2 O^H 2 CH/ C 

II 

O 



m 



wherein R 1 , m, n and the protein are as in claim 1. 
7. A protein conjugate of any one of claims 1 -3 of the formula 

N 



R^{CH 2 CH 2 0) -CH 2 CH 2 / N C / 

! 



wherein R 1 t m, n and the protein are as in claim 1. 
I A protein conjugate of any one of claims 1 -3 of the formula 



H NH -protein 



I-I 



m 
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tf-CKCH^CHzO) -CH 2 CH/ / N C / 

II 

o 



0. NH- —protein 



I-E 



m 



wherein R 1 , m, n and the protein are as in claim 1. 

9. A protein conjugate according to any one of claims 1 -8 wherein R 1 is CH 3 . 

10. The protein conjugate of claim 1 of the formula 

H 

N NH — interferon-alpha 
HaC-OtCHaCH^-CHaCH/ C 

O 



wherein n is about 112. 
11 . The protein conjugate of claim 1 of the formula 



H 3 C-0-(CH 2 CH 2 0) -CH 2 CH : 



O NH — interferon-alpha 
/ C 

y 

o 



wherein n is about 1 12. 

1 2. The protein conjugate according to claim 1 0 or claim 1 1 wherein the interferon-alpha is interferon-alpha A. 

13. A compound selected from the group consisting of 
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n-A R l o(CKfec^o) r a^c^ -n= c =n-r 4 
n-B r'occHjC^ovo^c^— o-c-iO 

n-c r'occhjCh^o)- c^c^-nh — c -o-C n ) 

o 

n-D ^OCCH^CI^OVCHj-CHz-NssC^ 

H-E R'OCCHjCHjOVC^CI^-NH— c-o-CX 

II F 

s 



n-p R^ca^a^o^-a^c^-o-c-oJTjl 

ll N 

s 



35 ? f^^l 

n-G r'cxci^c^o v CH£H,- o- c-o-U J 

40 wherein R 1 is lower alkyl. R 4 is lower C r C 6 afkyl or cycloalkyl, R 5 is lower C r C 6 alkyl or H and n is any integer of 
from 1 to 1000. ^ 

1 4. A compound of daim 1 3 wherein R 4 is cydohexyl. 
45 1 5. A compound of claim 13 wherein R 5 is H. 

1 6. A compound of claim 13 wherein R 5 is CH 3 . 

17. A compound according to any one of claims 13-16 wherein R 1 is CH 3 . 

so 

18. A compound with the formula 
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O 




wherein R 1 is CH 3 and n is about 112. 

19. Protein conjugates in accordance with any one of claims 1 -12 for use as therapeutically active compounds in the 
treatment or prophylaxis of illnesses. 

20. Process for the preparation of a protein conjugate claimed in any one of claims 1-12, which process comprises 
reacting a compound claimed in daim 13 with a free amino group of a protein as in claim 1 or a salt thereof and 
isolating the protein conjugate from the reaction mixture. 

21 . Pharmaceutical compositions comprising a protein conjugate as claimed in any one of claims 1 -1 2 and a therapeu- 
tically inert carrier. 

22. Pharmaceutical compositions for the treatment or prophylaxis of immunomodulatory disorders such as neoplastic 
diseases or infectious diseases comprising a protein conjugate as claimed in any one of claims 1-12 and a thera- 
peutically inert carrier. 

23. The use of the protein conjugates according to any one of claims 1 -1 2 for the manufacture of medicaments for use 
in the treatment or prophylaxis of illnesses. 

Claims for the following Contracting States : ES, GR 

1 . A process for the preparation of a physiologically active conjugate of a protein of the formula 



wherein R 1 is lower alkyl containing from 1 to 6 carbon atoms; R 2 is -O- or -NH-; R 3 is =N-R4, =S or =0; R 4 is lower 
alkyl C r C 6 or cycloalkyl; m and n are selected from integers £ 1 in a way that the conjugate has at least a portion 
of the biological activity of the non conjugated protein; and wherein the protein is interleuWn-1, interleukin-1ra, 
interferon-alpha or interleukin-2; with the proviso that when R 2 is -0-. R 3 is other than =N-R 4 and that when R 2 is - 
O- and R 3 is =0 the protein is not interleuWn-2; which process comprises reacting one of the activated compounds 
of the general formulae 



NHl-protein 



II 

R 3 



m 
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II-A R'CKCHzCi^OXi- CH.CH ~ N = C =N-R 4 



D-B R^CHiC^O^CHjC^— O-C 

II 

s 





n-c r'occHjCbpv o$c^-nh — c -o Jl 

o 

n-D R l O(CH 2 CI^O) n -CH 2 -CH 2 -N=C=S 

H-E ^(XC^CIIOVCEtCIi-NH— C-O-C^X 

S 

II-F R 1 0(CH 2 C^O) n -a^C^-0-C--oXjl 



-o-c-o-k N jl 



II-G R'CXCHzCH.OVCnCHj 



wherein R 1 , R 4 and R 5 are as defined above and n is any integer of from 1 to 1 000, with a free amino group of said 
protein or a salt thereof and isolating the protein conjugate from the reaction mixture. 

A process as claimed in claim 1 wherein m and n are selected in a way that the molecular weight of the polyethyl- 
ene Glycolation pegylatton residue(s) per protein molecule is from 300 to 30.000 daltons. 

A process according to claim 1 or claim 2 wherein m is 1 or 2. 

A process of any one of claims 1 -3 for the preparation of a protein conjugate of the formula 



R 1 -0(CH 2 CH 2 0)-CH 2 CH^' Y 

NR. 4 



H H 

N N-j— protein 



I-A 



m 
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wherein R 1 , R 4 , m, n and the protein are as in claim 1 . 

A process of any one of claims 1 -3 for the preparation of a protein conjugate of the formula 



10 



F? -0(CH 2 CH 2 0) -CH 2 CH 2 -O v y N -P rotein 



Y 



IB 



m 



15 



20 



25 



30 



wherein R 1 , m, n and the protein are as in claim 1. 
6. A process of any one of claims 1 -3 for the preparation of a protein conjugate of the formula 



H 

N NHj-protein 
P?-0(CH 2 CH 2 O\ l -CH 2 CH 2 // N </ 

o m 



I-C 



wherein R 1 , m, n and the protein are as in claim 1 . 
7. A process of any one of claims 1 -3 for the preparation of a protein conjugate of the formula 



N 

H NHf-protein 
R l -0-(CH 2 CH 2 0) -CH 2 CH { X ^ 

\ m. 



I-D 



40 wherein R 1 , m, n and the protein are as in claim 1 . 

8. A process of any one of claims 1 -3 for the preparation of a protein conjugate of the formula 



45 



50 



F^-O-fCHgCh^O) -CH 2 CH/ // N q / 



O. NH- —protein 



II 

O 



I-E 



m 



wherein R 1 , m, n and the protein are as in claim 1 . 
55 9. A process according to any one of claims 1-8 wherein R 1 is CH 3 . 

10. A process of claim 1 for the preparation of a protein conjugate of the formula 
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H 



y\ NH— interferon-alpha 



II 

O 



10 wherein n is about 112. 

11 . A process of claim 1 for the preparation of a protein conjugate of the formula 

is 



20 



25 



u „-„, yr°v .NH- interferon-alpha 

HaC-afCHaCH^-C^CH/ \' 

• R II 
0 

wherein n is about 112. 

12. A process according to claim 10 or clam 11 wherein the interferon-alpha is interferon-alpha a. 
^n^n^ 

cally valuable substances into a suHab.e7Z2.SgeZ ' "* " "* ther ^ 

30 ti^Tn^ MSandatherape, 

- peutically ineSer ^ 9 8 ^ 88 Mmed in «V one of Cairns 1-12 andaW 

18. A conpound selected from the group consisting of 



45 



50 



55 
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10 



15 



20 



25 



30 



11- A R^CHaC^OV CH^CH, -N= C = N-R 4 

n-B r^ch^o^- a$ci%— o - c 

II-C ^0(0^01^0)5- C^C^-NH — c -o -I* N I 

0 

H-D R^CCHjC^OVCHz-CHz-^ssC^ 
n-E r'o^C^OVCHjC^, -NH — C-O- 



II 

S 



n-F R^CC^CHjOVCHzCHj-O-C-oXjl 



35 



o 

n-G r^cci^c^ovci^ci^-o-c^-C^ 

wherein R 1 is lower C r C 6 alkyl, R 4 is lower C^Ce alkyl or cycloalkyl, R 5 is lower alkyl or H and n is any inte- 
ger of from 1 to 1000. 

40 1 9. A compound of claim 1 8 wherein R 4 is cyclohexyf . 

20. A compound of claim 18 wherein R 5 is H. 

21. A compound of claim 18 wherein R 5 is CH 3 . 

45 

22. A compound according to any one of claims 18-21 wherein R 1 is CH 3 . 

23. A compound with the formula 

50 



R^CI^CHiO^CHia^-NH —C-0 - Cj) 



II 

O 



55 

wherein R 1 is CH 3 and n is about 1 12. 
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PatentansprQche 



Patentansproche fOr fo,gende Vertn.gsstoaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, MC, NL, PT, SE 

s 1 . Physiologisch akuVes Konjugat eines Proteins der Forme) 



NH 



■Protein 



c 



una worfnto Protein lntutaikm-1 Wertsuuwi wS™ _T?? f« ™>*°nwerten Prole™ >Mt 

25 3 V P ^eintonjugatnachAnspruch1oderAr^ruch2.worinm 
4. ProteintonjugatnacheinernderAnsprQchel^derFormel 



30 



35 



H H 
N N 



r'-OCCJ^CHjO^HjCH^ Y 

NR 4 



■-Protein 



I-A 



40 



worin R 1 , R 4 , m, n und das Protein wie in Anspruch 1 sind. 
5. Proteinkonjugat nach einem der AnsprGche 1-3 der Formel 



45 



SO 



55 



-Protein 



m 



LB 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
6. Proteinkonjugat nach einem der AnsprOche 1-3 der Formel 
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H 



i s\ NHf-Protein 

RT-OtCHjCHjO^-CHjCH/ C 

II 



LC 



m 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
7. Proteinkonjugat nach einem der Anspruche 1 -3 der Formel 



N 

h NHf-p ro tein 

R^CHjCHjO) -OUCH/ c 

S 



I-D 



m 



worin P. 1 , m. n und das Protein wie in Anspruch 1 sind. 
8. Proteinkonjugat nach einem der Anspruche 1 -3 der Formel 



R^CHjCHjO^HjCHj/ 



o nh— p ro tejn 



II 
o 



I-E 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 

9. Proteinkonjugat nach einem der Anspruche 1 -8, worin R 1 CH 3 darstellt. 

10. Proteinkonjugat nach Anspruch 1 der Formel 

H 

s\ Interferon- a 

HjC-OtCHaCHaO^-CHaCH/ C 



worin netwal 12 ist. 
1 1 . Proteinkonjugat nach Anspruch 1 der Formel 
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H 1 ^C W ^CH/°\/ NHHnterfer ° n - a 



(I 
O 



10 worinnetwa 112ist 



15 



20 



30 



12. Protein^ug^ 

13. Veibindung. ausgewahlt aus der Gruppe. bestehend aus 

n-B R I 0(c^aiO) r c^a^o-c-.i^) 

n-c r'occHjC^o^c^ch-nh— c -o-Xjl 

o 

n-D R I 0(CBtO40) tt ^ r CH l - N=sCasS 



40 



50 



55 



D-E R'OCCH.C^OVO^CI^-NH-C -0-0 




1 p? 



II 
s 



u 

n-c R'oco^ci^ovc^c^-o-c'^o-Cjl 

14. Vefcindung nach Anspruch 13, worin R 4 Cyclohexyl daretellt 
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15. Verbindung nach Anspruch 13, worin R 5 H darstellt 

16. Verbindung nach Anspruch 13, worin R 5 CH 3 darstellt. 

17. Verbindung nach einem der AnsprOche 13-16, worin R 1 CH 3 darstellt. 

18. Verbindung der Formel 



o 



worin R 1 CH 3 darstellt und n etwa 1 12 ist. 

19. Proteinkonjugate nach einem der AnsprOche 1-12, zur Verwendung als therapeutisch wirksame Verbindungen bei 
der Behandlung oder Prophylaxe von Krankheiten. 

20. Verfahren zur Herstellung eines Proteinkonjugats nach einem der AnsprOche 1 -12, wobei das Verfahren Umsetzen 
einer Verbindung nach Anspruch 13 mit einerfreien Aminogruppe eines Proteins nach Anspruch 1 oder eines Sal- 
zes davon und Isolieren des Proteinkonjugats aus dem Reaktionsgemisch umfaBt. 

21. Pharmazeutische Zusammensetzungen, umfassend ein Proteinkonjugat nach einem der AnsprOche 1-12 und 
einen therapeutisch inerten TrSger. 

22. Pharmazeutische Zusammensetzungen fOr die Behandlung oder Prophylaxe von immunomodulatorischen Erkran- 
kungen, wie neoplastischen Erkrankungen oder infektifisen Erkrankungen, umfassend ein Proteinkonjugat nach 
einem der AnsprOche 1-12 und einen therapeutisch inerten Tr&ger. 

23. Verwendung der Proteinkonjugate nach einem der AnsprOche 1-12, zur Herstellung von Arzneimitteln zur Verwen- 
dung bei der Behandlung oder Prophylaxe von Krankheiten. 

Patentanspruche f Or folgende Vertragsstaaten : ES, GR 

1 . Verfahren zur Herstellung eines physiologisch aktiven Konjugats eines Proteins der Formel 

^(CHjCHjO^HjCH^^ ^Hj-Protein 

c 

R 3 m 



worin R 1 Niederalkyl mit 1 bis 6 Kohlenstoffatomen darstellt; R 2 -O- oder -NH- darstellt; R 3 =N-R 4 , =S oder 
=0 darstellt; R 4 Nieder-C^-Ce-alkyl oder Cydoalkyl darstellt; m und n derart aus ganzen Zahlen £ 1 ausgewahlt 
sind, daB das Konjugat mindestens einen Teil der biologischen Aktivitat des nichtkonjugierten Proteins aufweist, 
und worin das Protein lnterleukin-1, Interleukin-lra, Irrterferon-aoder lnterleukin-2 darstellt; mitderMaBgabe, daB, 
wenn R 2 -O- darstellt, R 3 nicht =N-R 4 darstellt, und daB, wenn R 2 -O- darstellt und R 3 =0 darstellt, das Protein 
nicnt lnterleukin-2 ist; wobei das Verfahren umfaBt: Umsetzen von einer der aktivierten Verbindungen der allgemei- 
nen Formeln 
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n-B R^d^Ofe- O^C^r- O-C 

II N 
0 

D-D ^0(0^0^0^0^-2* =C=S 
n-E ^OCCH^Ok-O^-NH — c -o - (fl 

II N >, 



II 
s 



n-F R 1 0(CH l C^O) Il -CH 1 C^~0-.C -O-Cjl 



n-G ^oca^aiov^cEt-o-c^JTjl 

Venahren nach Anspruch 1 oder Anspruch 2, worin m 1 oder 2 ist 

Verfahren nach einem der AnsprOche 1-3 zur Herstellung eines Protantonjugats der Formel 
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R l -0(<^H 2 0) j £H 2 CH/ / Y 4 



H H 

n N4-Protein 



I-A 



m 



worin R 1 , R 4 , m, n und das Protein wie in Anspruch 1 sind. 
5. Verfahren nach einem der Anspruche 1 -3 zur Herstellung eines Proteinkonjugats der Formal 



n 

Ff-OtCHjCHjO^-CHjCHj-O N 

Y 



-Protein 



I-B 



m 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
6. Verfahren nach einem der Anspruche 1 -3 zur Herstellung eines Proteinkonjugats der Formel 



H 



n NHf Protein 



I-C 



m 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
7. Verfahren nach einem der Anspruche 1 -3 zur Herstellung eines Proteinkonjugats der Formel 



N 



I-D 



m 



worin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
8. Verfahren nach einem der Anspruche 1 -3 zur Herstellung eines Proteinkonjugats der Formel 
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nh- -Protein 



II 

0 



I-E 



m 



10 



vvorin R 1 , m, n und das Protein wie in Anspruch 1 sind. 
9. Verfahren nach einem der AnsprOche 1-8, worin R 1 CH 3 darstellt. 
is 10. Verfahren nach Anspruch 1 zur Herstellung eines Proteinkonjugats der Fdrmel 



H 



20 



u^^« x NH -'nterferon-a 



35 



worin netwa 112 ist. 

11. Verfahren nach Anspruch 1 zur Herstellung eines Proteinkonjugats der Fbrmel 

0 
o 

worin netwa 112 ist. 

1 2. Verfahren nach Anspruch 1 0 oder Anspruch 1 1 . wobei das Interferons Interferons A darstellt 

45 ^ 7^^^ e ^"- Umfasse " d * ^nKonjugat nach einem der AnsprOche 1-12 und 

15 -£n~r P ^^ 
• einem der AnsprJche 1-12^^ UmfaSSend ein ^einkonjugat nach 

« 17. Proteinkonjugat nach einem der AnsprOche 1-12. hergesteltt durch das Verfahren nach Anspruch 1. 
18. Verbindung. ausgewahK aus der Gruppe, bestehend aus 
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10 



15 



25 



30 



35 



n-A r'occh^ov cao%-N=c=N-R* 
n-B R^ccHjCi^ov o^ci*— o - c -*£J 

i T 

n-C R'CXCHjCHPV Oidi-NH — C -0 



I! N ' 

o 



H-D R 1 0(CH l CI40) n -CH l <3I,--N =C =S 

n-E ^occ^c^ovci^cii-nh — c -o - 



40 worin R 1 Nieder-C r C 6 -alkyl darstellt, R 4 Nieder-C r C 6 -alkyl oder Cycloalkyl darstellt R 5 Niederalkyl Oder H 

darstellt und n eine ganze Zahl von 1 bis 1000 ist 

19. Verbindung nach Anspruch 18, worin R 4 Cyclohexyl darstellt 
45 20. Verbindung nach Anspruch 18, worin R 5 H darstellt. 

21. Verbindung nach Anspruch 18, worin R 5 CH 3 darstellt. 

22. Verbindung nach einem der AnsprOche 18-21, worin R 1 CH 3 darstellt. 

50 

23. Verbindung der Formel 
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II N 



10 



worin R 1 CH 3 darstellt und n etwa 1 12 ist. 



Revendications 



w 1. Conjugu6physiologiqu e mentactifd'une proteine defbrmule 



20 



25 



30 



R 1 -o-(ch 2 ch 2 o^.ch 2 ch 2 -r2 x 



- protSine 



C 
II 



m 



logique de la proline no^niugule etll o^ 

=N-R<; et que lorsque represente -O- et R 3 reoresente =0 Z n!Ul — - - 



35 



4(7 



45 



t R 3 represente =0, la proline n'est pas llmerleuWne-2 
daftons. P™yetnyiene glycol (pegylation) par molecule de proteine est de 300 a 30 000 

3. Conjugue de proteine de ,a revendication 1 ou de la revendication 2 dans leque. m vaut 1 ou 2. 

4. Conjuguedelaproteinedel-unequelconquedesrevendications 1-3defbrmule 



H H 
N N 



R 1 -0(ch 2 ch 2 o)^ch 2 ch/ y 

XR 4 



- proteine 



m 



I -A 



» dans laquelle R 1 , R 4 , m. n etla proteine sort tels que dans la revendication 1 . 
5. Conjuguedeproteinederuneque^^ 
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fif-0(CH 2 CH 2 0) -CH 2 CH 2 -0, 



Y 



H 

N — proteine 



m 



I-B 



10 dans laquelie R 1 , m, n et la proteine sont tels que dans la revendication 1 . 
6. Conjugu6 de proteine de Tune quelconque des revendications 1 -3 de fbrmule 



15 



20 



H 

N nh4- proteine 

c 



I-C 



dans laquelie R 1 , m, n et la proteine sont tels que dans la revendication 1 . 
25 7. Conjugu§ de proteine de Tune quelconque des revendications 1 -3 de formule 



30 



35 



40 



N 

H • NH 
R l -O-(CH 2 CH 2 0) -CH 2 CH{ % \/ 



_ proteine 



I-D 



dans laquelie R 1 , m, n et la proteine sont tels que dans la revendication 1 . 
8. Conjugu6 de proteine de Tune quelconque des revendications 1 -3 de fbrmule 



. O NH-| — proteine 



II 
0 



I-E 



50 



dans laquelie dans laquelie R 1 , m, n et la proteine sont tels que dans la revendication 1 . 

9. Conjugite de proteine selon Tune quelconque des revendications 1 -8 dans lequel R 1 represents CH 3 . 

10. Conjugu6 de proteine de la revendication 1 de fbrmule 
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H 

/ N \ y NH ~ interferon-alpha 
H 3 C-0(CH 2 CH 2 0^-CH 2 CH { C 



10 dans laqueile n vaut environ 112. 

1 1 . Conjugu6 de prot6ine de la revendication 1 de formule 



15 



0 NH— interferon-alpha 
H 3 C-0-(CH 2 CH 2 0)-CH 2 CH 2 / C 

II 

20 O 

dans lequel n vaut environ 112. 
1 3. Compos6 choisi dans le groupe constituS par 



30 



35 



40 



45 



SO 




"•A R : 0(CH,CHOVCBCH,-N r =C = N-R* 
II-B R l O(CRCKO) n -OiCH,— O-C-d 

II-C R'OCCHjC^O)- ckch-nh — c -o-XJ 

II 

0 

H-D R'OCCKCKO^-Ca-CH^-N = c =s 

n-E R l O(CH,CH,0) n -CBCH-NH— C-O-CJI 
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II-F R l O(CH,CHO) n -CH,Ca-0-C -0 

II 

s 

0 

II 

II-G RO(CH 2 CHO) ir CH l C^-0--C— O- 

ou R 1 est un alkyle interieur, R 4 est un alkyie interieur en C 1 k C 6 ou un cycloalkyfe, R 5 est un alkyle interieur en 
C 1 k C 6 ou H, et n reprgsente n'importe quel nombre entier compris entre 1 et 1000. 

14. Compose de la revendication 13 dans lequel R 4 est un cyclohexyle. 

15. Compose de la revendication 13 dans lequel R 5 represerrte H. 

1 6. Compose de la revendication 13 dans lequel R 5 repr6sente CH 3 . 

17. Compose selon I'une quelconque des revendications 13-16 dans lequel R 1 repr6sente CH 3 . 

18. Compos6 de for mule 

R l O(CH.CH,0) n CH,CH>-NH — C -0- 

II 
0 

dans laquelle R 1 repr6sente CH 3 et n vaut environ 1 12. 

1 9. Conjugu£ de prolines selon i'une quelconque des revendications 1 -12 pour utilisation comme compose trterapeu- 
tiquement actif dans le traitement ou la prophylaxie des maladies. 

20. Proc6d6 de preparation d'un conjugu6 de proteine revendiqu6 dans i'une quelconque des revendications 1-12, 
lequel proc6d6 comprend l'6tape consistant k feire reagir un compose revendique dans la revendication 13 avec 
un groupe amino libra d'une proteine telle que dans ia revendication 1 ou un de ses sels et on isole le conjugue de 
proteine du melange reactionnel. 

21. Compositions pharmaceutiques comprenant un conjugue de proteine selon I'une quelconque des revendications 
1-12 et un support trterapeutiquement inerte. 

22. Compositions pharmaceutiques pour le traitement et la prophylaxie des d6sordres immunomodulatoires comme 
les maladies n6oplasiques ou les maladies infectieuses comprenant un conjugue de proteine selon I'une quelcon- 
que des revendications 1 -12 et un support thgrapeutiquement inerte. 

23. Utilisation des conjugu6s de proteine selon i'une quelconque des revendications 1 -1 2 pour la preparation de medi- 
caments destines k Stre utilises dans le traitement ou la prophylaxie des maladies. 

Revendications pour les Etats contractants suivants : ES, GR 

1 . Proc6d6 de preparation d'un conjugue physiologiquement actif d'une proteine de formule 
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R'-O-tCH^HjO^-CHjCHj-R 2 ^ j 

C 
II 



NH> protSine 



m 



ISS? m b c 1 " 1 a "^ 6 Lf neur COntenant de 1 a 6 atomes de 02 ^sente -O- ou -NH- ■ R* 

epresente =N-R 4 . =S ou =0 ; R 4 est un alkyle inferieur en C, a C 6 ou un cydoalkyleTm et n sort choisis oarmi 

Th ? o P ° t6,ne " 0n C ° njU9u6e ; et ,a proteine est "nterteukine-1. llrterieuWne-lraX^eron^atoha ot 

£fS?i ■' so, i s t e ^r loreque 02 repr6sente 03 651 diff6rent * ■** « E» EE SSI 



II- A 



II-B 



R OCCftCKOJa- CRCH, -N r = C = N — R* 



R l O(CH,CKO) a - CHCH,— 0 - C -I 

II 
S 




II-C R-0(CB,CBO).- CH.CH.-NH — C -0 

II 

0 

n-D R l O(CH,CHO) n -CH,-CH : --N=C=S 

II-E R , 0(CH 2 CKO) ri -CH,CH -NH — C -0 - C\ 

II N > 

S 

n-P R'0(CH 2 CH 2 0) a -CH,CH,-0-C-0-O 

- - II 

s 

0 

■II-G R'OCCH.CH.OVCHCH-O-Lo-O 

N 



OZL R1 ' R4et ^ 80,11 t6,S qU6 d6<iniS Ci - d6SSUS et " ^^mmportequelnombreentiercompris 

dJSn^r " n Qr0UPe ■*° ' tore de Me P^ in """"desessels.etonisolelea J nju g uedeprore 
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2. Proc6d6 selon la revendication 1 dans lequel m et n sont choisis de maniere telle que le poids moleculaire du 
residu de traitement par le polyethylene glycol (pegylatlon) par molecule de proline soit de 300 a 30 000 daltons. 

3. Proc6d6 selon la revendication 1 ou 2 dans lequel m vaut 1 ou 2. 

4. Proc6d6 selon I'une quelconque des revendicatlons 1 -3 pour la preparation d'un conjugue de proteine de formule 

r « H ] 

n N— proteine 



i 



R -O(CH 2 CH,0) -CHjCH/ 



NR 4 



m 



I -A 



dans laquelle R 1 , R 4 , m, n et la proteine sont tels que dans la revendication 1 . 
5. Proc6d6 selon i'une quelconque des revindications 1 -3 pour la preparation d'un conjugue de proteine de formule 



PT-0(CH,CH 2 0) -CH,CH,-0 




— proteine 



m 



I-B 



dans laquelle R 1 , m, n et la proteine sont tels que dans la revendication 1 . 
6. Proceed selon I'une quelconque des revendications 1 -3 pour la preparation d'un conjugue de proteine de formule 



H 

N NH 
FT-OtCHjCHjO^CKUClV^ C 

II 

o 



proteine 



m 



I-C 



dans laquelle R 1 , m, n et la proteine sont tels que dans la revendication 1 . 
7. Proceed selon I'une quelconque des revendications 1 -3 pour la preparation d'un conjugue de proteine de formule 



N 
H 



R l -0-(CH 2 CH 2 0) -CH z Zh/ N c / 



nh - proteine 



m 



I-D 



dans laquelle R\ m ( n et la proteine sont tels que dans la revendication 1 . 
8. Precede selon I'une quelconque des revendications 1 -3 pour la preparation d'un conjugue de proteine de formule 
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, .0 NH 

R'-0-{CH 2 CH 2 0) -CH 2 Ch/ X -/ 
n c * 



c 

II 
o 



proteine 



I-E 



10 



dans laquelle R\ m, n et la prot&ne sort tels que dans la revendication 1 . 
9. Proc6d6 selon Tune quelconque des revendications 1-8 dans lequel R 1 repr&ente CH3. 
is 10. Proc6d6 selon la revendication 1 pour la preparation dim conjugu* de proline de fbrmule 



20 



H 

N nh— interferoa-alpha 



H 3 CO(CH 2 CH 2 O^CH 2 CH 2 / V 

II 
O 

25 dans laquelle n vaut environ 1 12. 

11. Proc6d6 selon la revendication 1 pour la preparation d'un conjugu* de proline de fbrmule 



30 



/ w \ / NH ~~ inter ^ron-aJpha 



35 



40 



45 



50 



55 



H 3 C-0-(CH,CH 2 0)-CH 2 CH 2 - c 

II 
O 

dans lequel n vaut environ 112. 

12. Procede selon la revendication 10 ou la revendication 1 1 dans lequel Interferon alpha est (Interferon alpha A 

13. PrccedS de preparation d'une composition pharmaceutique, lequel procede comprend I'etape consistant a amener 
un ou plusieurs conjugues de formule I definis dans I'une quelconque des reverdications 1 i?et le des™ 
uneou^eurs autres substances 1h 6 rapeu«quement intfressantes sous une forme dJmird^galS 

malad.es neop as.ques ou les maladies infedieuses comprenant un conjugue de proteine selon SneWwnoue 
des revendicatrons 1 -12 et un support therapeutiquement inerte. quelconque 

16. Utilisation des conjugues de proteine selon I'une quelconque des revendicatons 1-12 pour la preparation de m£di 
caments destines a etre utilises dans le traitement ou la prophylaxie des maladies. P r6 P aratl0n *» m6d " 

17> 'SSSS T qUe,COnqUedeS 1-12 lorsqu'i. est prepare selon le procede reven- 
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18. Compos6 choisi dans le groupe constitu6 par 



II-B R'0(C^C^O)„-CKC^--0-C-.iO 



II 

S 0 



R? 



II-C R'OCCH^CHjO)- CH.CH-NH 

II 

0 

"il-D R l O(CH,CHO) n -CH r CH 2 -N= C =S 
n-E R , 0(CH,CaO) n -CH 1 CH,-NH— C-O-lTl 



20 



25 



30 



II 

s 



n-F R'occHjCaovc^ca-o - c -o 



n 

s 

0 



n-c R 1 0(c^c^o) n -c^cH,-o--c-o--0 



3s ou R 1 est un alkyle inf 6rieur en C 1 ^ C 6 , R 4 est un alkyle inf6rieur en C 1 k C 6 ou un cycloafkyle, R 5 est un alkyle 
inferieur ou H, et n reprSsente tout nombre entier compris entre 1 et 1000. 

19. Compose de ia revendication 18 dans lequel R 4 repr6sente un cyclohexyle. 
40 20. Compost de la revendication 18 dans lequel R 5 repr6sente H. 

21. Compost de la revendication 18 dans lequel R 5 repr6sente CH 3 . 

22. Compos6 selon Tune quelconque des revendications 18-21 dans lequel R 1 repr6sente CH 3 . 

45 

23. Compos6 de formule 

R^CCHjC^O^CKCK-NH — C -O - Cj! 

0 



55 dans laquelle R 1 repr6sente CH 3 et n vaut environ 112. 



65 



ttt© 



